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MASK ODORS WITH... frimethyl cyclohexanol 


and expand your sales cha thon Moh 


Is an unpleasant odor in your product slowing down sales? Try masking 


Trimethyl Cyclohevanol is only one of 
it with Trimethyl Cyelohexanol. This material has a refreshing menthol-like several higher alcohols produced by 
odor that effectively masks many unpleasant odors. Lt is particularly effective Canmive. Trimethyl nonyl alcohol and 
in masking “sulfur” odors of lubricating oils. The volatility of Trimethyl 2-butyl octanol, both 12-carbon alcohols, 
Cyclohexanol is low, so its masking effect is long-lasting. Trimethyl Cyclo- sheuld be of interest to you os intermediates 
hexanol is a eyelie alcohol, exhibiting cis-trans isomerism, and is supplied in 
and surface-active agents, All three of these 
both the high-melting and low-melting forms. ;, 
higher alcohols are available now in com- 


{s an Intermediate— Metallic derivatives are useful as gasoline and lube mercial quantities. 


oil additives. Investigate its esters as special-purpose plasticizers. 

Judge this chemical for yourself. Call or write the nearest Carsive 
office for a sample of Trimethyl Cyclohexanol. Put it through your own tests af RBO ' 
and determine its usefulness to you, Additional technical assistance is avail- 


able when you need it CHEMICALS COMPANY 


A Division of 
Carvide and Carbon 


Physical Properties 
Low-Melting Isomer High-Melting Isomer 


Specific Gravity 0.8778 at 40/20°C. 0.8643 at 60/20°C. 
Boiling Point, 760 mm. Hg 197.6°C 189.2°C 

Vapor Pressure 0.1 mm. Hg at 40°C 0.5 mm. Hg at 20°C. 
Freezing Point 37°C. 55.8°C. 

Absolute Viscosity 16.11 cps. at 40°C. 5.4 cps. at 60°C. 
Solubility in Water at 20°C. 0.17% by wt. 0.11% by wt. 
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VIBROX PACKERS 


Save By Reducing 
Container Size! 


OU may find your containers are 

TOO BIG when a VIBROX does 

the packing. The lower cost of 
smaller containers alone can pay for 
a VIBROX Packer in a matter of 
months. Substantial added savings are 
made in packing time and labor costs. 
If the packing of dry, powdered, 
granular or flaked materials into 
drums, kegs, barrels or bags, is an im- 
portant consideration in YOUR busi- 
ness then, by all means check up on 
the VIBROX PACKER now. Com- 
plete information gladly sent without 
obligation. 


No. 41 VIBROX 
PACKER . for 
packing 100 to 
750 pounds. Other 
models pack con- 
tainers from 5 to 
75 pounds. 


OUT.. PASTE ON LETTER: 


| HEAD AND MAIL TODAY! ! 


F. Gump 1311 Cicere Ave., Chicage Se! 
Gentlemen: Please send me descriptive 
literoture and complete information on the | 
GUMP.-Built Equipment indicated below. 
BAR-NUN ROTARY SIFTERS for grad- 
ing, scalping or siftirg dry materials. 
DRAVER FEEDERS for accurate, de- 


pendable volume percentage feeding. | 
DRAVER MASTER Continveus Mixing 


Systems for accurate, efficient, wni- 
form mixing. 


VIBROX PACKERS for packing down 
dry moteriols in bags, drums, barrels. 


AUTOMATIC NET WEIGHERS for 
weighing frem 3 ez. to 75 tes. 


B.F. Co. 


Engineers and Manufacturers Since 1872 


1311 SOUTH CICERO AVENUE 
CHICAGO 50, ILLINO 
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AT THOMAS A. EDISON, INC. 


“$32,000 a year 
saved by 


GIRDLER 
hydrogen plant’ 


R the manufacture of nickel- 
storage batteries, 
Thomas A. Edison, Inc. requires 
large volumes of high-purity 
hydrogen. 

The hydrogen is produced in a 
practically automatic, instrument- 
controlled Girdler HYGIRTOL* 
Plant. Hydrogen purity generally 


One active material in EDISON batteries is 
finely divided iron, so pure it is also used for 
pharmaceuticals and food enrichment. It is 
made by reducing ferric oxide with hydrogen. 


exceeds 99.95 %. Operation is safe, 
quiet, and clean. One man super- 
vises the process. And Edison states: 
“We estimate that this installation 
saves us approximately $32,000 a 
year over former methods.” 

If gas processing is a problem in 
your operations, let us help you, too. 
Girdler designs and builds plants 


Chemical Engineering Progress 


for production, purification, or util- 
ization of many chemical process 
gases; purification of liquid or gase- 
ous hydrocarbons; manufacture of 
organic compounds. 

Write for Bulletin G-35 describ- 
ing our services. The Girdler Corpo- 
ration, Gas Processes Division, 
Louisville 1, Kentucky. 


* HYGIRTOL is o trade mork of The Girdler Corporation 


CORPORATION 


Gas Processes Division 
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The Model CVM 3153 is the newest and smallest 
member of the complete Kinney Vacuum Pump family. 
Compare it with any other mechanical vacuum pump 
in its class for: 

FREE AIR DISPLACEMENT (2 cv. ft. per min.) 

POWER ('« HP motor) 

ULTIMATE LOW ABSOLUTE PRESSURE 

(0.1 micron or better) 

SIZE (14%"" x 10%" x 13%" high) 

WEIGHT (only 70 Ibs. complete) 
Compare its quiet operation, its ease of starting, its 
sound construction . . . and you'll see why Model 
CVM 3153 is an important step forward in vacuum 
processing. 


Wherever small size and big performance are re- 
quired, put Kinney Model CVM 3153 to work. Use it in 
the laboratory. Use it in full scale processing installa- 
tions, by itself or as a backing pump. Use it in per- 
manent installations or as a portable unit for on-the- 
spot repair, service, or test work. 


There's a Kinney Vacuum Pump for every service, from 
the big Single Stage 702 cu. ft. per min. Model 181420 
to our “New Baby”, Model 3153. KINNEY MANU- 
FACTURING CO., 3546 Washington St., Boston 30, 
Mass. Representatives in New York, Chicago, Cleve- 
land, Houston, New Orleans, Philadelphia, Los 
Angeles, San Francisco, Seattle. 


Foreign Representatives: General Engineering Co. (Radcliffe) 
ltd., Station Works, Bury Road, Radcliffe, Lancashire, England . . . 
Horrocks, Roxburgh Pty., Ltd., Melbourne, C. |. Australia . . . 
W. S. Thomas & Taylor Pty., Ltd., Johannesburg, Union of South 
Africa . . . Novelectric, Ltd., Zurich, Switzerland . . . 
Piazza Cavour 25, Rome, Italy. 


Write today for 
Bulletins V51 and 
VS5I-A 
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BECKMAN -the leading name in pH — presents 


another important advancement in instrumentation 
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SOUTH PASADENA 3 CALIFORNIA 
Factory Service Branches: Chicage — New York — Los Angeles 
Beckman tnstrements | include pH Meters and Electrodes — 
Spectrop’ Titrators — Radioactivity 
Meters — and Special instruments 
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CONVENIENCE 
SIMPLICITY 
RUGGEDNESS 


make the Beckman Model N a 
noteworthy advancement. The 
following features are typical . . . 


ELECTRODE SUPPORT ROTATES 
alongside case for maximum convenience 
in carrying. Instrument can be used in 
either horizontal position (shown at left) 
or vertical position (above )—whichever is 
handier. 


CONVENIENT CONTROLS not only 
centralize all operating functions, but also 
permit checking amplifier circuits and bat- 
tery condition without opening case or 
disturbing battery connections. 


RUGGED, COMPACT DESIGN with- 
stands rough field and plant service with 
negligible maintenance. Solid cast-alumi- 
num case is strong, yet light in weight. 
Beckman Glass Electrode is virtually un- 
breakable! 


There are many other important fea- 
tures designed into the Model N. Be 
sure to get the complete story on this 
new Beckman development! 


September, 1951 
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a completely portable pattery operated pH instrument that is low get 
fight weight. compact in and amply rugged to PE used anywhere” 
jn the orchard, the oilfields. rextile mills, plating shops: mining and 
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Wependence upon outside power circuits. 
The newly developed Beckman Model N pH Meter not only meets eT. 
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Where Service Requirements 
demand the finest... 


Valve Buyers, as well as instrumentation 
engineers are specifying ANNIN Valves for 
critical fluid control applications where 
valve performance must be accurate and 
dependable. New revolutionary principles 
provide an additional range of possibilities 
in working out instrumentation schemes. 
Although new and different to many valve 
users, Annin single seated Valves have been 
thoroughly time-tested and field-proven in 
thousands of applications in all phases of 
industry. 


Superior performance at temperatures from 
—300° F to 1000° F and at pressures up to 
3000 psi, plus lowered maintenance and in- 
ventory costs make ANNIN Valves first 
choice among valve users everywhere. It will 
pay you—in superior performance and lower 
operating costs—to investigate. Send today 
for Bulletin. 


Precise contro! of hard-to- 
handle fluids. Powerful 
piston action combined 
with sensitivity and sta- 
bility. Integral null type 
positioner eliminates ex- 
ternal attachments. 


LENOID 


Piston actuated by pres- 
sure regulated by 3- or 4- 
way solenoid pilot valve. 
Powerful valve action by 
remote control. Fast 
shockless action in all 
types of service. 


Valuable companion in 
shut-off service to the 
Domotor under same 
operating ranges. Inter- 
changeable characterized 
trims make it valuable for 
batch and non-continuous 
fluid processing control. 


REMEMBER — Teflon Chevron packing has been standard equipment on all Annin Valves for over two years. 


THE ANNIN COMPANY . 3500 union PaciFic AVENUE * LOS ANGELES 23, CALIFORNIA 
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for outstanding 
service 


on Chrome Tanning Liquor 


for example 


CRANE VALVES 


The installation — 
Gutmann & Co., Tanners, Chicago 


PROBLEM: To find a better replacement for valves and cocks 
used on outlet of open scale tank. Constant trouble with seat 
leakage, corrosive wear, seizing, and stuffing box mainte- 
nance. 

WORKING CONDITIONS: Solution handled—highly corro- 
sive basic sulphate of chrome used in tannage of Chrome 
upper leather. Several batches mixed daily. Gravity flow 
from scale tank. 


SOLUTION TO PROBLEM: Crane No. 1615 Iron Body, 

packless Diaphragm Valve, Neoprene lined, featuring sepa- 

rate disc and diaphragm design. No. 1615 Crane tron Body Diaphragm Valve. 

Get literature on this full line of multi-purpose valves 

RESULT: After more than 2% years of steady, leak-free serv- from your Crane Branch or Crane Wholesaler. 
ice, Crane Diaphragm Valve shows no sign of corrosive or 

erosive effects ...no undue mechanical wear . .. operates as 

smoothly as new. Maintenance cost to date—zero. 


Another typical case history demonstrating 
how Crane Quality Valves low ultimate cost. And why... 
More CRANE VALVES are used than any other make! 


General Offices: 
836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving 

All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
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OLLERS. 


SIMPLIFIED 
TUNING 


TEL-O-SET FLOW 


WHE INSTANT RESPONSE 
T0 
a PROCESS CHANGES 


ENGINEERED CONTROL SYSTEM FOR FLOW 
The Tel-O-Set Controller pictured in this diagram is one unit of the 
family, each part designed and built as an engineered, integrated loop. 


— 
— 
AIR SUPPLY j CONVERTER 
| 


a 


@ FOR ALL CONTROL APPLICATIONS — 
Flow, temperature, pressure level and other process variables. 


@FOR GREATEST ECONOMY IN APPLICATION — 
Three control forms available. 


@ FOR OPTIMUM FLEXIBILITY— 
Universal bracket for control room, valve yoke or structure mounting. 


@ FOR EASY MAINTENANCE — 
Coded, interchangeable sections. Split manifold permits removal of 
controller while on manual by-pass. 


For detailed information, write for a copy of Specification Sheet No. 768 . . . and call in our 
local engineering representative for a discussion of your process needs. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4427 Wayne Ave., Philadelphia 44, Pa. 
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Man valuable high molecular weight organic prod- 
ucts occur as a small percentage of the total material 
present. In conjunction with the Sharples Super Centrifuge, 
recovery is accomplished continuously by: 


* e alternately dissolving the product 
the Super Centrifuge in water and a solvent, 
e alternately precipitating and dis- 
solving the product, 


and Pharmaceuticals 


e fractional precipitation. 


The Super Centrifuge, which operates at 13,200 x gravity, 
affects these separations with minimum loss of product, 
solvent, and mother liquor, with maximum removal of 
undesirable impurities. Solids are removed from the 
interface which otherwise cause emulsions that both con- 
taminate and waste the product. 

Constructed of corrosion resistant materials for sanitary 
use, Super Centrifuges are available which operate over 
extreme temperature ranges (below zero to 400°F), with 
a variety of enclosures depending on requirements. 

Cleaning and sterilizing is a matter of but 15 m:autes 
or less, since there are only 3 simple parts to the tubular 
bowl assembly. 

More and more pharmaceutical manufacturers and 
others working with complex organic compounds are 
taking advantage of the unique processing character- 
istics of the Sharples Super Centrifuge. 

Your inquiry will be given our thorough attention. 


(CH3)2 C-CH-COC 


(CHa) CH-CH-COOH 


c=0 


THE SHARPLES CORPORATION «+ 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORK «¢ BOSTON © PITTSBURGH © CLEVELAND © DETROIT * CHICAGO « NEW ORLEANS © SEATTLE © LOS ANGELES ¢ SAN FRANCISCO ¢ HOUSTON 
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AND DEPENDABLE LONG SERVICE 


OF LAPP PORCELAIN 


takes select clays to meel Lapp specifications 

plasticity, content, acidity and 

important properties. Every carload of clay 
laboratory tested al Lapp before use. 


It takes more than the word “porcelain” to describe a material of the 
chemical stability, purity, resistance to corrosion, absolute freedom 
from porosity, cleanability and high mechanical strength .. . of Lapp 
Chemical Porcelain. 


NO LIQUID PENETRATES Unlike other so-called “porce- 
lains,”’ Lapp porcelain is completely vitrified . . . a dense, pure, 
homogeneous body, without blebs or voids. With or without glaze, it is 
unaffected by all acids except hydrofluoric, relatively resistant to 
alkalis. It permits accurate grinding and polishing for perfectly 
finished joints or seating surfaces. 


~ MECHANICALLY TOUGH, LONG-LIVING Non-porosity 
Lapp Vesuinn Vranas semanas oll alr, in balits of Lapp porcelain is the chief factor in its long life. Routine dye tests 
in solation, from liquid clay slip, ass attempt to force dye into unglazed body at pressure of 100,000 Ibs. per 
inst roids, laminations or blebs, square inch, without the slightest trace of penetration even though 
: continued for unlimited time. Glassy-smooth glaze actually imparts 
extra mechanical strength and heat shock resistance. The body itself 
is highly resistant to corrosion and abrasion. Being non-porous, no 
capillary pressures can be built up within. For most applications Lapp 
Porcelain continues to serve indefinitely with exactly the same 

efficiency as the day on which it was installed. 


Write for Bulletin 244 for complete description and specifications 
of Lopp Chemical Porcelain. Lapp Insulator Co., Inc., Process 
Equipment Division, 481 Maple St., LeRoy, N.Y. 


0 continuous tunnel kilns fire Lapp ware, Pia 
a 4% day healing, soaking and cuoling Es, 
. Temperatures exceeding 2350° F. are pre- 
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* For Direct Heating of 
Liquids and Vapors 


* Indirect Heating Systems 
Using Circulating Medium 


A complete line of direct fired heaters is available 
in standard sizes from 100,000 to 25,000,000 BTU 
per hour. These units are in wide use in services 
such as heating gasoline, oils or asphalts, 
| superheating steam or gas, and for indirect 
heating systems. The heaters are shipped 
| shop assembled except for the largest sizes. 
Struthers Wells indirect heating systems, 
utilizing either a vapor or liquid heat 
| transfer medium, such as Dowtherm, are giving 
' economical and trouble free operation at 
temperatures to 750° F., or above this. 
Equipment is ordinarily supplied with 
instruments and safety controls to give a 
» complete installation. Large installations 
" in service for many years testify to the 
) correct design and quality of this equipment. 
If your process requires temperatures 
above those of existing steam supply, if 
steam is not readily available, or if the 
process can be improved by higher 
temperatures, this economical and 
simple equipment will be of 
imterest. We can also supply smaller STRUTHERS WELLS CORPORATION 


equipment, electrically heated, as Warren, Pa. 


package units. 
PLANTS AT WARREN, PA. + TITUSVILLE, PA. 
Offices in Principal Cities 


Write on your letterhead for 
our new Bulletin B-45, describing a 
complete line of equipment for high 
temperature process heating. 
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at a consistently high rate of production 


and a high degree of efficiency 


with four BAKER PERKINS HS-36 
centrifugals at MORTON SALT CO. 


BAKER PERKINS 

Meer” Centrifugals are 
speeding production and cut- 
ting maintenance and op- 
erating costs in the Morton 
Salt Company Plant at Mani- 
stee, Michigan. The Type HS 
Centrifugals shown here are 


fully automatic but can be 

trols if necessary. BAKER 

PERKINS makes a complete 
line of “ter Meer” Centrif- 

CHEMICAL MACHINERY DIVISION 


cessing industry. Write today 
for complete information saginaw, michigan 
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THE PFAUDLER HIGH-DUTY STUFFING BOX 


_ Highly corrosive chemicals make extreme demands on the 
_ stuffing boxes of your reaction equipment . . . especially 
_when operating under pressure. The packing and lubri- 
cant are particularly susceptible to chemical attack on 
severe service ... and the length of service obtained with 
ordinary materials very short. 

The Pfaudler high-duty stuffing box is specially built to 
withstand pressure and temperature extremes. Automatic 
lubrication keeps it flooded with lubricant. And particular 
attention has been given to the packing. In order to 
offer a material of full chemical resistance, Pfaudler has 

_developed a special process for making an effective pack- 

‘ing of pure ‘Teflon. It employs no binder, but the rin 

itself is porous so that the lubricant can work throug 
slowly and be present at the contact surface at all times. 

The self-centering “no-play” bearing and combination 
lantern ring in the Pfaud er high-duty stuffing box keep 
the agitator shaft running true. This eliminates weaving 
which would destroy the flexibility of the packing. 


WHY PFAUDLER STUFFING BOXES 
give longer service under severe conditions 


Replaceable sleeves of Hastelloy or other resistant ma- 
terials are affixed to the agitator shaft. These prolong the 
life of the agitator by protecting against corrosion at the 
point where the agitator enters the stuffing box. The steel 
agitator stem is accurately machined to give shrink fit 
and to correct warpage after the glass coating has been 
applied. Both the agitator end and the conical ring in the 
bottom of the stulling box are glass coated. Whenever 
needed, a water jacket can be easily clamped on. 

In addition, special lubricants and counter balance 
systems can be supplied. And rotary seals are available 
for reactions where complete elimination of lubricant 
leakage is required. 

To meet a wide range of reaction requirements effi- 
ciently and economically, Pfaudler also offers a standard 
stuffing box. This is suitable for mild services where pres- 
sures do not exceed 10 psi. For full details, just send us 
the handy coupon below. 


THE PFAUDLER CO., Dept. CEP9 Rochester 3, N.Y. 


Please send me more information on Pfaudler 
Stuffing Boxes, Packing, Lubricants and Lubri- 
cating Devices. 


Name 


THE PFAUDLER CO., ROCHESTER 3, 
ENGINEERS AND FABRICATORS OF CORROSION RESISTANT PROCESS 
GLASS-LINED STEEL—Hostelloy * Aluminum + Tantalum 
Carbon Steel * Solid or Clad Stoinless Steel + Nickel * Inc 
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PROGRESS THROUGH SEPARATE 
PUBLICATION 


N January, the President of the A.I.Ch.E. wrote an edi- 

torial entitled, “Chemical Engineering Progress.” There 
the publication record of “C.E.P.” and the need for separate 
publication were well presented. By the time subscribers are 
reading this editorial, we expect to have for sale, the first 
volume in the “Chemical Engineering Progress Monograph 
Series”; Olaf A. Hougen’s Institute Lecture titled, “Reaction 
Kinetics in Chemical Engineering.” Appropriate announce- 
ments will appear later in our news pages, plus direct mailings 
to members informing on price and content and also giving 
an opportunity to subscribe to the whole series on a yearly 
basis. In succession, during the remainder of this year, will 
follow a Symposium Series volume, “Ultrasonics,” containing 
the papers from the symposia given at our Swampscott and 
Columbus meetings, and two additional symposium volumes 
on Phase-Equilibria—the results of four symposia. The 
publications will be sold to A.I.Ch.E. members at, or be- 
low, cost. 


During the period of planning for these additions to the 
literature, several of the papers which were in symposia 
were published in Chemical Engineering Progress. To make 
everything complete, and to guarantee permanency in the 
literature, our present plans call for two separate abstract 
reports. In Chemical Engineering Progress we will publish 
abstracts of all articles appearing in the Symposium Series. 
Then, in the symposium volumes we will publish abstracts 
of all articles which appeared in Chemicai Engineering 
Progress from the original symposia. In any case, all articles 
will be indexed in the annual index of Chemical Engineering 
Progress. 


The step that made separate publication necessary is not 
unique with the American Institute of Chemical Engineers. 
Today, scientists and engineers in every calling are faced 
with the same problem—that of finding means of publishing 
a vast volume of material which is being turned out by their 
efforts, and yet to do this in the face of an inflation, in the 
face of rising costs, and in the face of reluctance on the 
part of societies and of members to raise dues. 


American science needs information and in the editor's 
opinion this particular solution is one of the best that he 
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has seen in any of the plans he has studied. It is not novel 
except in minor respects, and its success depends upon the 
quality of the volumes, the support the members give to 
the series, and to the willingness of engineers to contribute 


and to keep such a group of publications going. 


For the future it appears that if this series meets the high 
hopes held out for it, it will become in time, a repository 
of the best in chemical engineering, and over a period of 
years it will be an additional source of the type of basic 
information upon which our profession is built. 


The publication of the four volumes mentioned here (an- 
other is being planned), will mark a 50% increase in papers 
published over the normal yearly output of Chemical Engi- 
neering Progress. In review, judgment, and editing, papers 
are handled in every way similarly to those for Chemical 
Engineering Progress. 


In our introduction to the first volume we commented that 
the chemical engineer was a versatile person who felt free 
to use each and every tool that satisfied his needs. We think 
by the present move into separate publication, we have 
matched the chemical engineer's versatility with a diversified 
publication program which will be independent of dues, of 
advertising income, and of subscription lists. It is difficult 
to convince chemical companies that some of their advertis- 
ing dollar should be spent in support of basic literature even 
though they, as companies, are directly benefited by such 
literature. Professional groups are having an increasingly 
difficult time in making ends meet, and unless some answer 
to the literature needs of our engineers and scientists is 
found, the great science and engineering future of which 
we boast may slowly fade owing to a leck of fundamental 
data in the technical literature. Hovbever, this is the 
sort of a challenge that engineers meet in their everyday 
lives and we feel that the American Institute of Chemical 
Engineers through these supplementary volumes is meeting 
the challenge and will thereby give one of the most satisfying 
solutions to the dilemma. 


F. J. ANTWERPEN 


Editor 
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PRODUCTION WILL BE UP 150%—COSTS DOWN */;'s 


NO 
THE RESULTS © 


you buy 


Installed Cost 


WITH THIS NEW LOUISVILLE DRYER 


PROBLEM: manufacturer wanted to improve drying operation. 


Annual Production (tons) 
Drying Cost Per Ton 


Costs high, production low. 


SOLUTION: manufacturer called in Louisville engineers. 


Space Occupied 


Installed Cost 
Annual Production (tons) 
Drying Cost Per Ton 


ace Occupied 


Ask for new treatise on subject 
of rotary dryers. 
her General American Equipment: 
Turbo-Mixers, Evaporators, Dewaterers. 
‘owers, Tanks, Bins, Filters. 
Pressure Vessels 


ROCESS EQUIPMENT 


These engineers started the Louisville method for pre- 
determining results ... and for fitting the dryer to the 
job. 


Step 1 Louisville engineers completely surveyed plant operations 
and previous drying methods. 

Step 2 Recommended dryer design was checked in Louisville 
laboratory in actual drying test. 

Step 3 1 double check with larger pilot plant equipment actually 
installed in customer's plant. 


Step 4 {ll factors determined and solved, full scale drying equip- 
ment was fabricated. 


Step 5 Final installation will be checked for mechanical perfec- 
tion and drying efficiency to insure anticipated results and 
purchaser's satisfaction, 


SUGGESTION: Why not call in a Louisville engineer to look over your 


VISION 


drying operation? There's no obligation ... and the re- 
sults may pay big dividends. 


LOUISVILLE DRYING MACHINERY UNIT 
GENERAL AMERICAN TRANSPORTATION CORPORATION 


er Sales Office: 139 South Fourth Street, Louisville 2, Kentucky » Generel Offices: 135 South LaSolle Street, Chicogo 
* in Canada: Canadian Locomotive Company, Kingston, Ontario 
OFFICES IN ALL PRINCIPAL CITIES 
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CHEMICAL ENGINEERING IN THE 
MEAT-PACKING INDUSTRY 


M. D. SANDERS, A. W. DE VOUT, P. BRADFORD, and W. F. BOLLENS 


ANY chemical engineering unit 

operations are employed in the 
preparation of the by-products of the 
meat-packing industry. Such products 
as soap and glycerine, lard, industrial 
fats and fat derivatives, glue, gelatin 
and livestock feeds, result from the ap- 
plication of mechanical and chemical 
engineering principles to the raw mater- 
ial produced during the slaughter and 
dressing of livestock. 

Unit operations common in the meat- 
packing industry include filtration, eva- 
poration, drying, distillation, extraction, 
crystallization, and various types of 
mechanical separations. In addition, 
there are other operations peculiar to the 
industry, such as steam-rendering, dry- 
rendering, and saponification. The treat 
ment of water and industrial wastes, and 
the study of metallic corrosion also fall 
into the field of chemical engineering. It 
will be impossible to cover all the engi- 
neering aspects of the industry in this 
paper, so this discussion is limited to 
the large-volume operations. 


Special Operations 


Rendering. The processing of fats 
from animal tissues starts with render- 
ing operations, the most widely used 
being: (1) wet-rendering, (2) dry- 
rendering and (3) kettle-rendering. 

In wet-rendering, the tissues and 
bones are charged directly into vertical 
tanks of autoclave construction and 
cooked under internal steam pressure of 
30 to 60 Ib./sq.in. After cooking, the 
rendered fat is separated by settling. 
Three phases are obtained; fat, tank 
water, and tankage. The fat is decanted 
to settling tanks for further separation 
of water and solids. Tank water and 
tankage are used in stock-feed manu fac- 
ture. (See Fig. 1.) 

In dry-rendering the tissue is usually 
reduced in particle size by hashing or 
shredding. Materials are cooked at at- 
mospheric or subatmospheric pressure 
in horizontal steam-jacketed cylindrical 
vessels equipped with mechanical agita- 
tors. Vacuum, when used, is maintained 
with wet vacuum pumps or with steam 
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ejectors and barometric condensers. 
Water is evaporated from the tissues 
during the cooking operation. 

After cooking, the contents of the 
cooker is emptied into a box equipped 
with a metal or cloth strainer. The 
strained fat is further freed of solids by 
sedimentation, by water-washing and 
sedimentation, and/or filtration in plate 
and frame filters. Additional fat is re- 
moved from the drained solids in cage 
presses, continuous screw presses, or ex- 
traction with fat solvents. (See Fig. 2.) 

Fats for open-kettle rendering are 
comminuted and then cooked in open 
vertical steam-jacketed cylindrical tanks, 
equipped with mechanical agitators. 
Water may or may not be evaporated 
from the tissues, depending upon the 
materials used and the products desired. 
If water is removed, fat is 
from solids by straining through cloth 
and by sedimentation in »pen tanks. The 
solids are usually pressed in cage or 
continuous screw presses. 


separated 


If water is not evaporated in open- 
kettle rendering, the settled rendered fat 
is decanted and the residue usually is 
rendered further by either the wet- or 
dry-rendering process. 


FATTY TISSUES 


RENDERING 


TANK 
SETTLING 


TANK 


Carbon steel is the universal material 
of construction in rendering equipment. 
and its alloys are carefully 
avoided, due to acceleration of oxidation 
of fats by traces of copper. 


Copper 


Fat Splitting. A considerable portion 
of the fats produced by the meat-pack- 
ing industry is directly separated into 
fatty acids and glycerine. All commonly 
used methods involve the hydrolysis of 
the fat, with or without the use of 
catalysts. 

In the Twitchell method the fats 
mixed with water, sulfuric acid, and a 
catalyst are heated at atmospheric pres- 
sure for several hours. Glycerine solu- 
tion is periodically removed and the 
process repeated batchwise until split- 
ting is complete. 

In the batch autoclave method a mix- 
ture of fat and water is autoclaved at 
about 150 Ib./sq.in. using calcium oxide 
catalyst. About 6 to 10 hr. are required 
to complete the hydrolysis 

In the continuous process water and 
fat are passed in countercurrent flow 
through a tower at about 700 Ib. /sq.in. 
and 500° F. The water enters the col 
umn at the top, the fat at the bottom 
fatty acids are removed at the top of 
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Fig. 1. Wet rendering flow diagram. 
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the column and a dilute glycerine solu- 
tion is discharged at the bottom. The 
glycerine solution is concentrated by 
evaporation as described later. 

Lead-lined equipment is used in the 
Twitchell process, carbon steel in the 
atch autoclave method, and the contin- 
ous splitting tower is stainless clad or 
nconel inside. 


Saponification. Most soap is made by 
ne of three batch methods, viz., the 
ull-boiled, the half-boiled, or the cold- 
ade process. The full-boiled process is 
far the most important in terms of 
lume, and the following description is 
Hit to that process. 


The soap boiling operations are based 
yn phase changes which take place in a 
iling soap kettle. Soap and water at the 


ncentration normally found in a kettle 
oe 60% soap) without salt or other 
trolyte present will be a tough, gummy 
Mass. Salt and/or free caustic soda present 
— system will cause marked phase 
nges. The amount of salt required for 
a@y given phase varies inversely with the 
in length of the fatty acids. At about 
1% salt content based on water the soap 
i@a heavy flowing liquid. At a salt con- 
tration of 2.5-4% of the water, two 
phos are formed viz., a neat soap suitable 
or drying or other processing, containing 
30-32% moisture, and a “nigre” containing 
upwards of 40% moisture and a higher 
concentration of color, salt, and other im- 
purities than in neat soap. At 6-9% salt the 
soap separates into curds and free water 
containing salt and glycerine _ This is the 
phase obtained in a “graining” or “salting 
out” operation. (See Fig. 3.) 

Soap boiling is a batch process carried 
out by a series of steps, usually in the same 
kettle. to saponify the fat, remove the 
glycerine and fit the soap into a neat phase 
so that it can be dried or further processed. 
It is a long process; five to seven days are 
required to complete a cycle of operation 
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Dry rendering flow diagram. 


No practical way of determining the end 
point of each operation other than by the 
judgment of the operator has been devel- 
oped. Thus boiling remains an art. The 
soap kettles are usually cylindrical vessels 
with cone bottoms and, for the better 
grades of soap, are constructed of stainless 
steel in the upper section to a point below 
the normal soap level to prevent atmos- 
pheric corrosion. Open steam through a 
spider supplies both heat and agitation. 
“Spent lye,” the glycerine-bearing water 
which separates from the soap on salting 
out may pass countercurrent through kettles 
in various stages of processing to provide 
glycerine enrichment and thus decrease the 
amount of water to be evaporated in glycer- 
me recovery. 

The steps in the boiling process can vary 
somewhat but are illustrated by a typical 
diagram in Figure 4 


Unit Operations 


Gelatin Extraction. In gelatin manu- 
facture the protein in the raw material 
used is in the form of collagen. Curing 
and extraction processes convert the 
collagen to gelatin, and methods vary 
according to the raw material. For ex 
ample, caliskin trimmings, ossein, etc., 
are cured by liming 30 to 60 days in 
open pits or tanks, while pork skins and 
similar material are cured with a weak 
hydrochloric acid of high purity and 
low metal content. 

Curing operations are followed by 
washing the stock to remove the excess 
lime or acid. The actual extraction of 
the gelatin is secured by a series of 
hot water soaks which start at about 
130° to 140° F. Succeeding soaks are 
at higher temperatures, finally approach- 
ing the boiling point. Aluminum or 
stainless steel kettles are common al- 
though wood vessels have been used. 
The extract liquors have a gelatin con- 
tent of 2 to 5%. 
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Hide Glue Extraction. The principle 
involved in the curing and extraction 
of hide glue is the same as in gelatin 
manufacture. It is usually made from 
such materials as hide trimmings, tan- 
nery fleshings, sheep stock, sinews, 
chrome pieces, chrome shavings, and 
similar material. 

The extraction kettles are wood, 
though sometimes carbon steel is used. 
The kettles are usually packed with ex- 
celsior in the bottom to retain the stock 
as the liquors are drawn off. The 
excelsior is discarded after each ex- 
traction. 


Bone Glue. Bone glue varies in type 
according to the raw material from 
which it is made. Common materials 
are fresh carcass bones (known as 
“packers green bones”), city fat bones, 
and dry bones. The principle involved 
for the conversion of the collagen in 
the bones to glue is similar for each 
material. 

The crushed bones after pretreatment, 
depending on the type of raw material 
or the manufacturer, are placed in large 
carbon steel pressure tanks or auto- 
claves. They are given a series of steam 
pressure cooks followed in each case by 
a hot water soak at atmospheric pres- 
sure. Each cook and its subsequent soak 
is called a run or an extraction. It is 
the usual practice to start at a low pres- 
sure, say 10 to 20 tb./sq.in. on the 
first cook. Succeeding runs are at 
higher pressures, up to 40 or 50 Ib./sq. 
in. These extractions contain from 2 to 
8% glue solids. The jelly strength, by 
which glues are graded, shows the 
highest value in the early runs and drops 
considerably in the last runs. 


Solvent Extraction. Solvent extrac- 
tion in the meat-packing industry is 
almost wholly confined to the extraction 
of the tankage obtained in dry-rendering 
of animal tissues to recover tallow. 
Commercial heptane or hexane is 
usually employed as a solvent but chlor- 
inated hydrocarbons have been used to 
a limited extent. 

Batch operations 
though at least one 
has been proposed. 

The solvent extraction equipment 
used in the batch process consists of 
round horizontal steam-jacketed vessels 
equipped with mechanical agitators, 
similar in construction to cookers used 
in the dry-rendering process. In some 
plants the tissues are rendered and ex- 
tracted in the same equipment, the 
solvent being applied after draining off 
the free rendered fat. 

The process consists in applying two 
or more solvent washes and draining 
the micella into closed vertical steel- 
settling tanks. During the extraction 
agitation and heat are applied. The 


predominate, al- 
continuous process 
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settled fines are fed back to the ex- 
tractor. 

The extracted tankage is freed of 
solvent by jacket-heating and by blow- 
ing with open steam. The vapors are 
freed of dust in a bag filter or by other 
means and then condensed in a shell- 
and-tube condenser. Condensers are 
usually fitted with copper tubes in steel 
plates and cast iron shells. 

Solvent is removed from the micella 
in batch, semicontinuous, or continuous 
stills. Steel or cast-iron batch stills 
equipped with copper or stainless steel 
calandria are usually employed. Last 
traces of solvent are removed by strip- 
ping with open steam. Continuous stills 
consist of rising- or falling-film evapo- 
rators followed by stripping columns 
operated either at atmospheric pressure 
or under vacuum. 

Water in condensed solvent is sepa 
rated by gravity. When extracting low 
quality fats, the condensed solvent and 
water are somewhat corrosive and the 
use of stainless steel condensate lines 
is indicated. 

Vessels and condensers are vented to 
the atmosphere through a vent system 
using a carbon adsorber, refrigerated 
condenser or other means to remove and 
recover solvent. 

The tallow produced by solvent ex- 
traction sometimes contains suspended 
solids which are difficult to remove. 
These solids may be wetted with a small 
amount of water and separated by sedi- 
mentation or by centrifuging in a 
basket-type centrifugal. 

The fats using 
solvent might also be classed as solvent 
extraction. In this process fat and liquid 
propane are countercurrently 
through a stainless steel tower at a 
pressure of about 600 Ib./sq.in. and at 
170-180° F. The fat enters near the 
top of the tower and the propane near 
the bottom. Color bodies and other im- 
purities are precipitated and are drawn 
off at the bottom. The mixture of de- 
colorized fat and propane is drawn off 
at the top. Both overhead product and 
bottoms are freed of propane continu- 
ously in conventional distillation and 
stripping columns. All equipment com 
ing in contact with either product should 
preferably be fabricated of stainless 
steel. 


decolorization of 


passed 


Evaporation. Use of evaporators in 
the meat-packing industry is quite com- 
mon and there are a number of different 
applications. The most common use is 
for concentrating tank water, which 
results from the steam-rendering of 
animal fats, bones, etc. As withdrawn 
from the rendering tank it contains 
from 3 to 6% solids, most of which are 
dissolved protein or protein hydroly- 
sates. Multiple-effect vacuum evapora- 
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Fig. 3. Soap boiling kettles. 


tors are normally used for the concen- 
tration of this product. Common designs 
include the horizontal tube and the 
calandria types; however, recent instal- 
lations include the long tube vertical 
type. The common materials used are 
cast-iron bodies with copper tubes. The 
copper tubes are relatively short-lived 
so that stainless steel tubes are becom- 
ing popular. Cast-iron bodies have a 
life of from 15 to 30 years. It is com- 
mon practice to concentrate to about 
60% solids. 

In hide- and bone-glue production it 
is necessary to evaporate low-solid li 
quors to a high concentration. The usual 
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light liquor has solids averaging be- 
tween 2 and 8% depending on the type 
of glue stock and the method of extrac- 
tion. However, the concentration to 
which they can be evaporated depends 
on the type and test of the glue and the 
type of the evaporator. In general, it is 
the policy to purchase an evaporator 
with fast circulation 
concentration goes up the viscosity rises 
rapidly. In fact, it is preferable to 
concentrate to a given viscosity rather 
than to a fixed per cent of solids. 
These units are usually double and 
triple effect. If higher concentrations 
are required for a particular drying 
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Fig. 4. Typical operations in soap boiling. 
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Fig. 5. Aluminum filter press for gelatine clarification. 


method a concentrator body is added 
working at 20 to 23 in. of vacuum to 
obtain a lower viscosity because of the 
higher temperature. In most glue in- 
stallations a long-tube or semilong-tube 
vertical evaporator is used without 
ferced circulation. The materials gener 
ally used are cast-iron bodies with cop 
per tube sheets and tubes. (See Fig. 6.) 
In the manufacture of gelatin there 
lare certain requirements necessary to 
concentrate this edible protein trom 
licht-liquor solids of about 2-5% to a 
12 to 25%. The 12 to 16% 
Solids of first run heavy liquors are 
isually the optimum because of their 
1igh jelly test and high viscosity. Jelly 


range ol 


est refers to the force required for 
ertain gel deformation when the Bloom 
selometer is used. It is comparatively 
asy to damage the jelly test of gelatin 
nd high quality hide glue by overcon- 
entration. Most gelatin evaporators, 
herefore, require high-speed circulation 
hrough the tubes and this is best met 
ith long-tube or ‘semilong-tube evapo 
ators. Due to the large amount of 
rater that must be removed for each 
of gelatin, double- and triple- 
fect units are usually used. 

\luminum, stainless steel, and nickel 

e the most common metals used for 
the construction of gelatin evaporators. 
Sanitary construction is preferred 
always. 

Glycerine as “spent lye,” which re- 
sults from the saponification of fats and 
oils with caustic from both the kettle 
process and the Sharples continuous 
saponification method, also undergoes 
evaporation in the glycerine refinery. 
The treated lye from the full-boiled 
process contains from 4 to 10% glycer- 
ine and about 7 to 9% sodium chloride. 
In the Sharples process the glycerine 
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content is higher, running from 15 to 
21%. It is evaporated to half-crude 
containing 35 to 55% glycerine in the 
first step, usually in multiple-effect 
evaporators because of steam savings. 
The evaporator bodies are equipped with 
pitched bottoms and with salting-out 
drums to remove the salt as it is crystal- 
lized. The salt is recovered either in a 
batch-type or a continuous centrifuge 
for reuse. 

The half-crude is concentrated to fin- 
ished crude in a single-effect unit. The 
finished product, crude glycerine, con- 
tains about 80% glycerine, about 7% 
salt; the rest is water and impurities. 

Calandria-type evaporators are the 
most common-type unit used in this 
work. They are equipped with either 
good centrifugal separators or well- 
designed catch-alls because of the foam- 
ing characteristics of this material. 
Cast-iron bodies with copper tube sheets 
and tubes are usual. 

The glycerine recovered from the 
continuous fat-splitting columns is 
called sweet water and contains about 
8 to 12% glycerine. Since this material 
contains little or no salt it can be con- 
centrated to higher solids than the 
glycerine recovered from the saponifica- 
tion processes. It is common practice to 
concentrate such sweet water to 88%, 
even to 93%, glycerine. Multiple-effect 
evaporators are generally used. It is 
preferable to construct them of special 
metals such as stainless steel to with- 
stand the action of fatty acids which 
may be present. 

A wide variation of instrumentation 
and controls are used on these various 
evaporators. The following is a partial 
list of such equipment: 


1. Constant vacuum controllers on the 
last effects and concentrators 
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Fig. 6. Glue evaporator. 


Constant pressure controllers on the 
first-effect steam chests 

Constant steam flow-rate controllers 
on the steam to the first effect 

Level controllers on different bodies 
Manual viscosimeters for determining 
the limit of evaporation 

Recording viscosimeters and control- 
lers on the feed to the evaporator 
The usual indicating instruments such 
as vacuum gages, pressure gages, etc. 

Drying. The dryer in most common 
use in the meat-packing industry is used 
for drying wet-rendered tankage, blood, 
steam bone tankage, stick and other 
similar materials. It ordinarily consists 
of a horizontal steam-jacketed cylin- 
drical shell about 5 ft. in diameter with 
lengths varying from 9 to 16 ft. The 
steam-jacket pressure is usually from 
40 to 70 Ib./sq.in. There is an internal 
paddle-type agitator driven at about 7 
to 12 rev./min. 

The drying operations are carried on 
atmospherically but it is common prac- 
tice to maintain a slight suction on the 
discharge of the dryer by a fan system 
or a water jet which carries away and 
condenses odors and vapors. 

The drying of hide glue and bone 
glue presents a difficult drying problem 
and different manufacturers have met 
it in different ways. 

Certain types of glue, particularly the 
lower grades, are dried on atmospheric 
roll dryers. For certain purposes, this 
type of product has some advantages. 
However, for the usual trade, glue in 
other forms is preferred. 

For many years the concentrated glue 
liquors were poured into pans (about a 
1-ft. cube) and then were chilled in a 
cooler. The cakes of chilled glue were 
removed from the pans by immersing 
them in hot water. The cakes were cut 
then into slices about 3 in. thick. These 
slices were placed on drying nets by 
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hand. After building a stack from a 
number of nets, the stacks were placed 
in drying tunnels to dry. 

A later development consisted of re- 
placing the pan system with a contin- 
uous chilling machine which is some- 
times called a K & L machine. The 
unit varies in length depending on the 
rate or the product, usually from 50 to 
80 ft. A traveling belt about 30 in. wide 
carries the liquor through a chilling 
chamber of about equal length. The belt 
has a 3% in. high projection on each 
side. Just as the belt enters the chilling 
chamber the liquor is permitted to flow 
onto it to its full width and about 54, 
in. thick. In the passage through the 
chamber the liquor jells. This takes 
from 8 to 15 min. As it leaves the 
chamber the jelled film is cut into uni- 
form lengths and is laid automatically 
onto a drying net. The nets are placed 
in stacks which are pushed into the 
drying tunnels, These nets are about 
30 in. wide and 5 ft. long. The net for 
hide and bone glue is a special galvan- 
ized netting. A stack usually is 19 to 
30 nets high. 

The drying tunnels are about 12 ft. 
wide and from 60 to 100 ft. long. Heated 
air is forced into one end by suitable 
fans with Vento sections or finned cop- 
per coils for heating. 

In warm weather particularly close 
observation is necessary to control the 
temperature to prevent melting. Some 
manufacturers use conditioned air in the 
initial stages. 

Hide and bone glues are frequently 
dried by the Scheidemandel method. The 
liquor is concentrated to a higher solids 
than for the methods previously men- 
tioned. This is accomplished by a spe- 
cial evaporator called a concentrator. 

The concentrated liquor is passed 
through a dropper device which forms 
drops of glue liquor. These drops fall 
into a tower containing chilled oleum 
spirits where they congeal. The con- 
gealed drops or pearls are separated 
from the oil and are ready for drying. 

The pearls are dried either on sta- 
tionary drying beds or on a continuous 
apron-dryer. The stationary drying 
beds and the apron of the continuous 
dryer use a perforated plate through 
which the air for drying is passed. In 
warm humid climates it is necessary to 
use conditioned air in the initial stages 
of drying with this method. 

In another method, highly concen- 
trated glue liquors are forced into long 
chilled tubes. In passing through the 
tube the liquor is jelled. As it leaves 
the tube it is cut into small pieces. These 
pieces of gel are dried either on drying 
beds or a continuous apron-dryer similar 
to that used for the Scheidemandel 
method. Conditioned air is necessary in 
warm humid climates. 
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A similar method consists of extrud- 
ing the gel from a chilling machine in 
spaghetti form. This spaghetti-like gel 
is dried continuously using conditioned 
air in the initial stages. 

Because gelatin is an edible product 
of high purity there must be consider- 
able refinement in drying this product 
Most gelatin in this country is dried by 
the method using a K & L machine, 
drying nets and tunnels similar to the 
method previously described for bone 
and hide glue. The K & L machines are 
built in a sanitary manner. Aluminum, 
Inconel and nickel are used ior the wire 
in the drying nets. The drying tunnels 
require clean air and air filters are 
common. 

Packers who operate wool pulleries 
for handling pelts from the killing floors 
dry the wool prior to shipping. The 
dryers used are usually single apron 
continuous units. 

There are a number of special dryers 
used by individual firms for particular 
products such as blood albumen, steam 
bone meal and inedible items. These 
include vacuum-dryers, rotary steam- 
tube dryers and direct heat dryers. 

Air-conditioning used in glue-drying 
operations is usually secured with me- 
chanical refrigeration or with cold well 
water to lower the dew point. There are 
several installations using lithium 
chloride as the dehumidifying agent. 


Filtration. Filtration plays a part in 
the processing of a large number of 
by-products of the packing industry. 
Filtration equipment varies from rela- 
tively small pressure filters for clarifica- 
tion of liquid soap to large rotary filters 
for dewatering sludge from waste treat- 
ment, Cast-iron plate-and-frame filters 
are common for removal of bleaching 
clay or carbon from fats after the 
bleaching operation. Cast-iron presses 
are used also for filtration of glycerine 
and treated spent soap lyes which are 
neutral or alkaline. This same type of 
press is often resin-coated for filtration 
of spent lyes on the acid side. Aluminum 
or stainless steel presses are preferred 
for gelatin clarification. (See Fig. 5.) 
Enclosed leaf-type filters are sometimes 
used for filtering gelatin liquors immedi 
ately after extraction from ossein 

Filter aids used are of the general 
type with a few exceptions. No filter 
aid is used with C.P. glycerine. Alkaline 
filter aids may be used to coat press 
cloths when filtering fats bleached with 
acid activated earths. Filter aids used 
in other cases are generally chosen by 
actual test. 


Distillation. 
tion are used in the meat-packing in- 
dustry. Two of these types are largely 
confined to the fat and soap industries. 
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Several types of distilla-, 


Courtesy Wureter & Sanger, Inc., Chicago 


Fig. 7. Glycerine distillation plant. 


The deodorization of fats including 
lard is a steam-stripping operation un 
der high vacuum. This is commonly a 
batch operation involving 10,000 to 
30,000 Ibs. of material. The vertical ves- 
sels are of carbon steel construction and 
operate at 5 to 25 mm. Hg. abs. p. main 
tained by steam-jet ejectors. Tempera- 
tures are maintained at 350° F. to 450 
F. by Dowtherm. 
This process requires large quantities of 
steam both for stripping and for ejector 
operation. Continuous and semicontin 
uous processes are being used in some 
cases. Temperatures and top pressures 
are similar to those in use in batch 
processes. 


means of steam or 


Glycerine is distilled by a semicontin- 
uous partial pressure process operating 
under a high vacuum. The crude 
glycerine containing 80% glycerine and 
6-7% salt is charged to an upright car- 
bon still equipped with steam- 
heated surfaces for heating and open 
steam for partial pressure effect. Still 
temperatures will be about 350° F 
Pressures are maintained below 20 mm. 
Hg.. abs. with steam ejectors. The 
glycerine is carried over from the still 
with steam, and is condensed in copper 
tubed partial condensers to recover the 
commercial grades of glycerine. C.P. 
glycerine is recovered from the first 
condenser which is maintained at about 
260° F. High gravity glycerine is re- 
covered from the second condenser 
which is maintained at about 140° F, 
and a sweet water is recovered in a 
third condenser maintained as low as 
possible to condense all the remaining 
glycerine. This sweet water is subse- 
quently reprocessed, 


steel 
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During distillation salt crystallizes 
from the glycerine in the still and is 
periodically removed. The nonglycerine 
organic material builds up to a point 
where become excessive. The 
foots are then transferred to a batch 
“foots still” where the remaining glycer- 
ine is stripped out with steam. A gly- 
cerine distillation plant is shown in 
Figure 7 


k isses 


Crystallization. In the meat-packing 
industry the process of crystallization is 
applied particularly to fats. It has been 
widely applied in separating a high 
melting point fraction known as stear- 
ine, and a low melting point fraction 
known as oil. Thus, edible beef fat is 
separated into two fractions called oleo- 
stearine and oleo-oil. The rendered beef 
fat is run into seeding trucks made of 
wood, galvanized or tinned steel. The 
trucks are placed in a room held at 
90° F. from three to five days, during 
which time the stearine crystallizes 
forming relatively large crystals. The 
nuxture of oil and stearine is wrapped 
in cloths and placed on metal plates in 
a mechanical press. Pressure is applied 
slowly until oil no longer drains from 
the press. A continuous method of seed- 
ing is in use in which the rendered beef 
fat is crystallized in jacketed screw con- 
veyors, where the fat is slowly cooled. 

y this method the fat is crystallized in 

matter of hours. The crystals pro- 

uced are smaller than those produced 
y truck seeding. . 

The truck-seeding process is also ap- 

ied to lard to produce edible lard oil 

d lard stearine, the seeding tempera- 

re being about 50° F. No satisfactory 

tinuous seeding method has been 
veloped. The process is also applied 
inedible grease to produce various 

he of grease oils and stearines. 

| Methods of crystallizing fats from 
M@lutions in fat solvents have recently 
come into use. The solvents used in- 

fide propane, acetone, and methyl-ethy! 
k@tone. In these processes the fats are 
dissolved and the solution refrigerated 
by an external refrigerant or by evapo- 
ration of a portion of the solvent. The 
sl@dge is then filtered using continuous 
r@ary filters. The dilution and temper- 
af@re are varied to effect the products 
r@uired. Thus, mixtures of fatty acids 
ay be separated by fractional crystalli- 
zation into relatively pure fatty acids. 
Extreme care must be used in selecting 
metals to be used in fabrication of 
equipment. Due to the corrosiveness of 
fatty acids, special stainless steels must 
be used, particularly in the solvent 
recovery section of the plant. 

Another application of crystallization 
to the processing of fats is the plastici- 
zation of lard and shortening. This re- 
quires the production of minute crystals 
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to give the products plasticity. One 
method uses a horizontal refrigerated 
steel roll, on which the melted fat is 
picked’ up in a thin film, is quickly 
chilled and then scraped off into an open 
steel picker-trough. This steel trough 
is equipped with a rotating shaft to 
which steel blades are attached which 
agitate the product, whip in the desired 
amount of air and move it toward the 
outlet end of the trough. The product 
is then subjected to pressures ranging 
from 200 to 1000 Ib./sq.in. using pumps, 
and then passed through small orifices 
to give thorough distribution of the air 
and to produce a smooth and creamy 
product. The product is then packaged. 
Refrigeration usually is obtained by 
vaporization of liquid ammonia within 
the roll. 

Another device for producing the re- 
quired crystal structure in lard and 
shortening is the internal chilling ma- 
chine. This type of equipment has now 
largely replaced the refrigerated roll. In 
this method melted fat mixed with the 
required amount of air or nitrogen is 
pumped through a series of refrigerated 
tubes in which the surfaces are contin- 
uously scraped by blades loosely attached 
to a rotating shaft. The tubes and 
scrapers are made of stainless steel or 
nickel. The fat is supercooled and par- 
tially crystallized in these tubes and then 
passes through one or more horizontal 
cylindrical chambers, equipped with 
slowly moving agitators. Crystallization 
continues in these chambers and the 
product is then picked up by a pump 
which boosts the pressure 300 to 400 
Ib./sq.in. Pressure is reduced at the 
packaging unit by a small orifice. This 
type of unit is easier to control and 
produces a more uniform product than 
the refrigerated roll. 


Comminution, Grinding and Screen- 
ing. The variety of materials that are 
comminuted, crushed or ground in the 
meat-packing industry is so great that al- 
most every type of mill is used. Many of 
them are arranged with screens with an 
elevator system. Some of the more im- 
portant applications outside the usual 
comminuting equipment used in the pro- 
duction of various meat items are the 
comminution of: gelatin; animal feeds; 
glue; soap; inedible animal tissue: edi- 
ble fats; bones, and fertilizers. 

Screening equipment includes most of 
the stantlard types of vibratory and ro- 
tary screens each selected for a specific 
purpose. 


Centrifuging. Centrifuges are used 
for separation of salt crystallized from 
glycerine in much the same way other 
crystals are handled. Batch-basket-type 
or continudus centrifuges are usual. 
Water sprays wash glycerine from the 
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salt before it is dumped from the cen- 
trifuges to be reused in the soap kettles. 

Although it is not common practice 
in the manufacture of green bone glue, 
there are a number of installations of 
centrifugal grease separators to lower 
the grease content in bone glue. These 
machines handle the light liquor shortly 
after it leaves the extraction kettles. 
They are built of stainless steel and are 
similar in design to units used in the 
refining of vegetable oils. 

Basket centrifuges are used to remove 
the surplus water from sausage casings, 
as a final step in their processing for 
shipment or storage. 


Industrial Waste Treatment. Rough 
solids such as fibrous matter from 
the animals’ digestive tracts are 
removed from industrial waste by 
screening or settling. Vibrating or ro- 
tating barrel screens are used. Grease 
is recovered from standard settling 
tanks or shallow skimming basins. Over 
flow rates of 600 to 1000 gal./(sq.ft.) 
(day) appear satisfactory. Oxygen de 
mand may be reduced by 60 to 80% by 
chemical precipitation. Superchlorina- 
tion or ferric salts at a pH of 5.0 have 
effected such reductions. Meat-packing 
waste is readily susceptible to treatment 
in the usual types of municipal sewage 
plants where the required capacity has 
been provided. When complete treat- 
ment of meat-packing-plant waste is 
necessary, multiple-stage biological fil- 
ters have been most successful. 


Conclusion 


The authors are aware that they have 
presented a wide variety of operations 
and processes in brief summary. It is 
hoped that this introduction foreshadows 
a more complete treatment of some of 
the complex processes mentioned in this 
paper. 

Discussion 


E. E. Mohr (Eastman Kodak Co., 
Kodak Park Works, Rochester, N. Y.): 
Have you had any experience with the 
spray-drying possibilities of gelatine ? 

A. W. DeVout: Personally, I haven't 
had any experience with the spray dry- 
ing of gelatine. We have experimented 
with the spray drying of glues. Each 
particle of a spray-dried glue whether 
it is hide or bone, consists of a hard, 
holiow sphere. In actual practice, it 
does not have commercial possibilities. 
The user upon placing it in water finds 
it floats and that it is difficult to put 
into solution. There has been a lot of 
work done on this problem and there 
have been several schemes presented to 
convert this unsuitable product to a 
commercially acceptable one. 


(Presented at Minneapolis (Minn.) 
Meeting.) 
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AN EMPIRICAL EQUATION FOR THERMODYNAMIC 
PROPERTIES OF LIGHT HYDROCARBONS 
AND THEIR MIXTURES 


FUGACITIES AND LIQUID-VAPOR EQUILIBRIA 


MANSON BENEDICTt, GEORGE B. WEBB?, and LOUIS C. RUBIN 


The M. W. Kellogg Co., Jersey City, New Jersey 


1. Introduction 

HE first three papers of this series 

(2-4) have described a group of em- 
pirical equations for representing cer- 
tain thermodynamic properties of mix- 
tures of light hydrocarbons in either the 
gaseous or liquid phase. Properties 
represented are the difference between 
each of the common thermodynamic 
functions of the mixture and the value 
of the function in the hypothetical ideal 
gas state at unit pressure, at the temper- 
ature and composition of the mixture. 
The primary objective in developing this 
group of equations has been to provide 
a reliable means for predicting liquid- 
vapor equilibria in mixtures of light 
hydrocarbons. 

The preceding paper of this series (4) 
gave numerical values of the constants 
in the empirical equation for the twelve 
hydrocarbons, 
methane 
ethylene 
ethane 
propylene 


propane 
isobutane 
isobutyylene 
n-butane 


isopentane 
n-pentane 
n-hexane 
n-heptane 
and showed that thermodynamic proper- 
ties for the individual, pure hydrocar- 
bons predicted by the equation with 
these numerical values of the constants 
were in good agreement with experi- 
mental data. 

The present paper compares liquid- 
vapor equilibria for 12 mixtures of the 
hydrocarbons. 
isobutane 
n-butane 
n-pentane 
n-heptane 


methane 
ethylene 
ethane 
propane 
evaluated by the equation with equilibria 
observed experimentally for these mix- 
tures. The mixtures compared with the 
equation were selected as being repre- 
sentative of the most accurate measure- 
ments which have been made of liquid- 
vapor equilibria in hydrocarbon mix- 
tures. In all cases, good agreement be 
tween the predictions of the equation 
t Present address: Massachusetts Insti- 
tute of Technology, Cambridge, Mass 
t Present address: Foster Wheeler Cor- 


poration, New York, N 
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and observed equilibria has been found. 
Because of this good agreement, it is 
concluded that the equation may be used 
with confidence to predict liquid-vapor 
equilibria in mixtures of all of the 12 
hydrocarbons listed in the preceding 
paragraph. 

The direct use of the equation to pre- 
dict liquid-vapor equilibria in multicom- 
ponent mixtures is too complex for rou- 
tine engineering calculations. Means 
for simplifying the use of the equation, 
by reducing it to charts of the fugacities 
of the individual hydrocarbons, have 
therefore been developed and are de- 
scribed in the following paper of this 
series. 


2. Thermodynamic Method for 
Correlating Liquid-Vapor 
Equilibria 

Equilibrium conditions between a gas 
phase containing r components whose 
mole fractions are y, (7 = 1,...,79r) 
and a liquid phase containing r compo- 
nents whose mole fractions are +x 
G=1,. , are commonly de- 
scribed in terms of the r liquid-vapor 
distribution coefficients, K,, defined as 


K, 
These coefficients are functions of pres- 
sure, temperature, and the composition 
of both phases of the mixture, but the 
dependence on composition is sometimes 
not important, particularly at pressures 
below 300 Ib./sq.in.abs., and at temper- 
atures below the critical temperature of 
the hydrocarbon in question 

Two general methods which have 
been used to correlate the dependence of 
K’s on pressure, temperature, and com- 
position, are the empirical method and 
the thermodynamic method. 

The empirical method seeks to find in 
the experimental determinations which 
have been made of K a set of rules by 
which the dependence of K’s on pres- 
sure, temperature, and the composition 
of both phases may be represented. 
When only a limited amount of experi- 
mental data had been obtained this 
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method seemed promising, because it 
was thought that the dependence of K 
on composition could be either neglected 
or represented by a simple set of cor- 
rection factors. But as more data on 
diverse systems are secured, it is found 
that K depends in an increasingly com- 
plex manner on the composition of both 
phases, and a variety of corrections, for 
the effect of liquid composition and ap- 
proach to the critical pressure, is re- 
quired. These corrections, which have 
no consistent principle behind them, be- 
come erratic and arbitrary, because they 
are developed from diverse sources of 
data, each of which may be affected 
by experimental errors which the cor- 
rections are unable to disclose 

The thermodynamic method, on the 
other hand, seeks to find a set of hy- 
potheses regarding the thermodynamic 
properties of the individual phases, from 
which K's may be predicted which are 
consistent with experimental values. 
The principal advantages of this method 
are: (1) It makes use of information 
regarding other thermodynamic proper- 
ties of mixtures to facilitate correlation 
of liquid-vapor equilibria. (2) It segre- 
gates the effect of vapor composition on 
K from the effect of liquid composition. 
(3) It provides a consistent set of hy- 
potheses, independent of experimental 
measurements of K, by which to test 
the reliability of experimental measure- 
ments and to extrapolate from a limited 
number of experimental points. 

The general principles of the thermo- 
dynamic method for correlating liquid- 
vapor equilibria may be described very 
simply. A gaseous and liquid phase, each 
containing r will be in 
equilibrium if, and only if, the follow- 
ing conditions are satisfied: 

pl 

76 

=fP(j=—1,....7r) (4) 
equations P is the absolute 
pressure, T is the absolute temperature, 
and f is the fugacity; the superscripts 
L and G refer to liquid and vapor 


components, 


pe (2) 


(3) 


In these 


Page 449 


{ 
} 
. 
4 
ihe 
= 
4 
i 
ed 
im 
- 
| 
Bie 
30 
\ 


phases, respectively; the subscript 7 re- 
fers to the jth component. 

To show the relation between the 
fugacity condition (4) and K-values, 
Equation (1) defining K, is multiplied 
by the ratio of f* to f,;°, which are 
equal at equilibrium: 
/ x; 
The ratio of fugacity to mole fraction 
appearing in Equation (5) is known as 
the fugacity coefficient. Thus, the A- 
value equals the ratio of the fugacity 
coefficient in the liquid phase to the 
fugacity coefficient in the vapor. 

In an ideal solution, the fugacity co- 
efficient is independent of composition. 
In an actual solution it usually varies 
less with changes in composition than 
does the fugacity itself. 

The fugacity coefficient 
evaluated from P-V-T data by 
thermodynamic equation : 


RT In f,/x; = RT IndRT 


d 
(aPV 
( 


where |” is the volume of a mixture con- 
Sisting of m, moles of component 1, nz 
moles of component 2, etc., at pressure 
> and absolute temperature 7, d 
s the molal density of the mixture, 
Mn,/V), and R is the gas constant. 
In this paper it is assumed that P-l’-T 
properties of mixtures of light hydro- 
farbons may be represented by the 
tquation of state: 


P = RTd + (B,RT 
— A,— C,/T?)d* + (bRT — 


K; = = (5) 


may be 
the 


Sind 


(6) 


+ aad® + (1 + exp (—yd*) 


(7) 


e eight parameters B,, A,, C,, 6, a, 
a and y are functions of the composi- 
, here assumed given by: 

B, = 
A, Aa ) 
C. Ca) 
b= 


(8) 
(9) 
(10) 
(11) 


TABLE 1 


CALCULATED FUGACITY COEFFICIENTS 


= 
[Seri (es) 
= 
[Seri 


(12) 
(13) 
(14) 
(15) 


= RTd + [B,RT — A, — C,/T?)d? + [bRT — a — 


the vapor at densities below 100 g./1., 
some of the higher terms in d may be 
neglected without loss of accuracy. At 
these densities the following simpler 
equations suffice for the vapor phase: 


(17) 


RT In f,/y, = RT wdRT + ((B, + Boj) RT — (A,Ags) — 


3 
+ 3 [(b7b,) * — (a?a,) — (c*c,) */T?)d? 


By, Ag ete., are constants for the indi- 
vidual hydrocarbons making up the 
mixture whose numerical values have 
been given in Tables 1 and 2 of the 
preceding paper (4). 

Equation (16) for the fugacity co- 
efficient is obtained by substituting 
equation of state (7) in (6): 


RT In = RT In dRT 


(18) 


The procedure used in this paper to 
compare observed and calculated liquid- 
vapor equilibria is to calculate each K 
by means of the equation: 
/*; 


K,(cale.) = (19 
if ) /9; ) 


at the observed equilibrium composi- 


[(B, + B,;)RT — 2(A,Aq;) — 2(C,C,;) */T?\d 
3/2[ RT (b7b,)* — (a*a,) * }d? 
3/5[a(a7a,)* + 


3d?(c*c,;) 1 — exp(—yd") 
— - 


Equations (6)-(16), inclusive, pro- 
vide the set of hypotheses by means of 
which it has been possible to correlate 
K’s for multicomponent hydrocarbon 
mixtures in terms of the pressure, tem- 
perature and composition of each phase, 
and the eight constants B,,, A,,, etc., for 
each of the pure hydrocarbons making 
up the mixture. Under this set of hy- 
potheses, it is to be noted, no data on 
the mixture are needed to predict K’s; 
the constants for the pure components 
alone suffice. How well this set of 
hypotheses serves to correlate liquid- 
vapor equilibria in mixtures of light 
hydrocarbons will be brought out in 
Section 3 of this paper. 

It should be noted that Equations (7) 
and (16) are applied to either the liquid 
or the vapor phase. When applied to 


yd? 


AND K-VALUES 


for an Equilibrium State of System Methane Ethane-n-Pentane 


Pressure = 


500 1b./sq.in.abs. (34.023 atm.) 


Temperature = 100° F. (310.91° K.) 


Mole Fraction 


CALCULATED 
Density, mole/1. 
Fugacity Coefficient 
Ib. /sq.in.abs. 
Or 
Os 
Cs 
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Vapor 
0.652 
0.297 
0.051 


Liquid 
0.115 
0.223 
0.662 


9.670 


0.07197 


1 — exp( —yd") 


Progress 


) 


2 
— exp(—yd") — 


(16) 


tions, and compare it with the observed 
K obtained from 


K,(obs.) = y,/%; (20) 


To be strictly correct, the fugacity co- 
efficients in Equation (19) should be 
evaluated at the calculated equilibrium 
compositions, which will not, in general, 
be exactly the same as the observed 
compositions. This refinement has not 
been used, however, for two reasons. 
First, tedious multiple trial-and-error 
calculations would be required to find 
the calculated equilibrium compositions. 
Second, there will not be much differ- 
ence between K evaluated at the ob- 
served equilibrium compositions and K 
evaluated at the calculated composi- 
tions, provided K calculated is nearly 
equal to K observed, as is the case at 
most points at which comparisons are 
to be made. 

A numerical example will be given of 
the calculation of K by means of these 
equations. In the system methane- 
ethane-n-pentane, Billman, Sage and 
Lacey (5) observed the following equi- 
librium state 


Pressure, 500 Ib./sq.in.abs. (P = 34.023 
atm.). 


Temperature, 100° F. (T = 310.91° K.). 


Mole Fractions 
Vapor 
0.652 


0.297 
0.051 


Liquid 
0.115 
0.223 
0.662 


Methane 
Ethane 


n-Pentane 
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The parameters for Equations (7) and 
(16), obtained by using the constants 
of Table 1 of the preceding paper (4) 
in Equations (8)-(15), are: 


Parameter Liquid 
0.122666 

. 8.53534 
1.151451 
0.037818 
1.981333 
0.354495 
1.010253 
3.147484 


Vapor 
0.054413 
2.79370 
0.088727 
0.0063151 
0.148060 
0.0124667 


At 310.91° K., the equations of state 
for the vapor and liquid phases are: 
(Vapor) P = 25.51638 d — 2.32316 d* + 
0.14205 
(Liquid) P = 25.51638d — 17.31711d — 
1.016355 +- 0.00200165 
+ 3.66725 d*(1 + 0.0314748 d*) 
< exp. (—0.0314748 d*) 
The densities which give P = 500 Ib./sq. 
inabs. (34.023 atm.) in these equations 
are 
(Vapor) 
(Liquid) d* = 
At 310.91° K., the equations for the fu- 
gacity coefficients in the gas phase (18) 
become 
(Methane ) 


1.5256 mole/l 
9.670 mole/1. 


RT in = RT in dRT 
— 3.00340d 0.156119d? 
RT In = RT In dRT 
— 6.43616d + 0.264387d* 
RT In fs°/ys = RT In dRT 
— 15.22724d +- 0.642308" 


At the value of 


(Ethane) 


( Pentane ) 


d corresponding to 
? = 34.023 atm. (d® = 1.5256 mole/I.), and 
with RT = 25.51638, the vapor phase fu- 
gacity coefficients given in Table 1 are ob- 
tained from these equations 
Similarly, at 310.91° K. the equations 
for the liquid phase fugacity coefficients 
(17) become : 
Methane 
RT In RT In dRT ~ 7.07656d 
0.22107 3d*+- 0.00094829a° 
+ 2.122365d*q (d*) — 3.202332d*h(d*). 
Ethane 
RT In fs'/x2 = RT In dRT — 16.58812d 
— 0.697276 +- 0.00141805d* 
+ 4.974366d"9 (d)* — 4.490870d"h (d*). 
n-Pentane 
RT In fo®/x5 = KT In dRT — 34.63422d 
— 1.524532d* +- 0.00298595d" 
+ 14.574627d°q(d*) — 9.010226d"h (d*), 
where 
l—exp(—¥#) exp( 
1 — 
_ exp(—yd") 
2 


= 


yd"), 


= — exp(—yd") 


and 
= 3.147484. 


At the value of d corresponding to 
P = 34.023 atm. (d* = 9.670 mole/1.) and 
with RT = 25.51638, the liquid phase fu- 
gacity coefficients given in Table 1 are 
obtained. 

Each K given in Table 1 is the ratio of 
the liquid-phase fugacity coefficient to the 
vapor-phase fugacity coefficient 


TABLE 2 


Studies of Liquid-Vaper Bquilitris 
Compared with Syustions 


Sage, Lacey ant Schasfeme 
(1s) 


Methane] sobutane Olde, Sage and Lacey 
(a2 


Sage, Wieke and Lacey 
Q3) 


Taylor, Wald, Sage and Lacey 
a7) 

Kay (11) 

Kay (9) 

Kay (8) 

Sage and Lacey (14) 

Kay (10) 

Benedict, and Rubin 


Ve" 
Teobutene 


ane-fthane— 


Billean, and Lacey 
Pentane $) 


ropane- Carter, Dourson, Sage and 
ne Pentane Lacey (6), (7) 


3. Comparisons of Observed K’s 
with Those Evaluated from 
Equations 

3.1 Selection of Experimental Data. 
Because of the large number of experi- 
mental determinations of liquid-vapor 
equilibrium and the considerable labor 
entailed in evaluating K’s at each point 
from the equations of this paper, it has 
not been feasible to compare every 
reported experimental determination of 
liquid-vapor equilibrium with the pre- 
diction of these equations. Instead, a 
selection has been made of 12 experi- 
mental studies of liquid-vapor equili- 
brium which have been regarded by the 
authors as representative of the more 
careful and accurate of the much larger 
number reported. The investigations 
selected have been listed in Table 2, 
together with the range of pressures 
and temperatures over which compar- 
isons with predicted K’s have been 
made. The experimental method used is 
briefly characterized. 

Among the criteria used in selecting 
these investigations were the investiga- 
tors’ own estimate of precision and the 
care apparently taken in attaining 
thermal and interphase equilibrium. In 
the case of two component systems in- 
vestigated by visual observation of dew 
and bubble points, preference was given 
to investigations such as those of Kay 
in which a sufficient number of mixtures 
were studied to map out accurately the 
dew and bubble point pressure-temper- 
ature-composition surface, in contrast 
to others in which only three or four 
mixtures were used. In the case of 
mixtures investigated by sampling and 
analyzing liquid and vapor phases, pre- 
ference was given to investigations in 
which adequate precautions were taken 
to prevent contamination of a vapor- 
phase sample by liquid or the reverse. 
Investigations in which analytical dis- 
tillations were carried Gut between ad- 
jacent, heavier hydrocarbons, such as 
n-butane and nm-pentane, were excluded 
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Ditto 


Paull. 


Range of Conditions over 
which Gbeerved are 


Dewpoint cell. 
detn, of bubble point 


volumetric 


Equil. cell for dee-point, 
volumstric deth, of bubble point 


Observet ion 


Obeervetion 


cell 


because of the difficulty of obtaining 
high precision in such analyses. 

It has not been feasible to examine 
all equilibrium states reported in each 
investigation selected. Instead, repre- 
sentative points were selected which 
cover the range of pressure, tempera- 
ture and compositions studied, except at 
mole fractions so low that K’s could not 
be determined accurately. 


3.2 Methane-Propane. Table 3 com- 
pares K's for methane and propane ob- 
served by Sage, Lacey and Schaafsma 
(15) at seven states of the methane- 
propane system with those evaluated by 
the equations of this paper. The maxi- 
mum difference between observed and 
calculated K’s for methane is 12%, and 
for propane, only 2.8%. The algebraic 
average deviation of K’s, a measure of 
the magnitude of systematic bias in the 
equations, is +4.8% for methane and 
+0.2% for propane. The absolute aver- 
age deviation, a measure of the average 
deviation regardless of sign, is 5.0% 
for methane and 16% for propane 
These deviations are somewhat greater 
than the probable uncertainty of the 
experimental data, but are satisfactorily 
low for any engineering use that may 
be made of the data. 


3.3 Methane-Isobutane. Table 4 pre- 
sents a similar comparison for eight 
states of the methane-isobutane system 
observed by Olds, Sage and Lacey (12). 
The maximum deviations in this 
tem are only 6.2% for methane and 
1.8% for propane. All the deviations 
for methane are negative, and average 
3.5%; all for isobutane are positive, 
and average 0.7%. These deviations are 
so.small as to be within the experimen- 
tal uncertainty. 


SVS- 


3.4 Methane-n-Butane. A comparison 
of K’s in the methane-n-butane system 
reported by Sage, Hicks and Lacey (13) 
with those predicted by the present 
equations has been given in Table 7 of 
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TABLE 3 


Methane-Propane System 
Comparison of Observed X's With Equation 


68 
1029 


0.7% 


Temp., 68 

Press., pela. 
0,286 


0.2% 
0,764 


0,363 
0.637 


2.03 


3.03 
0.3% 


Propane 71.0 


* Deviation = 100 


68 
1323 
0.286 


0,524 
0.476 


1.3% 


0.7 
20.5 


Caleulated)/Observed 


7342 


0.470 
0,530 


1029 


im 
W009 


0.292 
0.708 


0.055 


0.476 


0.292 
0.708 


0.167 
0.633 


2.81 
Ob% 


1.79 
0.672 


5.31 
0.749 


+0.6 


1.2 


-2.3 


TABLE 4 


Temp., *F. 
Press., pels. 


Isobutane 20.5 


* Deviation = 100 (Observed Calculated )/(iserved 
The maximum devia- 
tions are 3.1% for methane and 5.0% 
for n-butane. The algebraic average 
deviations are +0.5% for methane and 
+0.4% for n-butane. The absolute 
average deviations are 1.1% for 
methane and 1.8% for n-butane. Again, 
these deviations are so small as to be 
within the experimental uncertainty. 


reference (3).? 


3.5 Methane-n-Pentane. Table 5 com- 
pares K’s at six states of the methane-n- 
+ The equations of the present paper 


were referred to as the “linear” form of 
the equations of (3). 


pentane system observed by Taylor, 
Wald, Sage and Lacey (17) with those 
predicted by the present equations. The 
agreement between observations and 
equations is much less satisfactory than 
in the three systems examined prev- 
iously, with a maximum deviation of 
4.6% for methane and 17% for pentane, 
and absolute average deviations of 3.2% 
for methane and 8.3% for pentane. No 
quantitative examination has been made 
of a later study of the methane-n- 
pentane system by Sage, Reamer, Olds 
and Lacey (16); qualitative inspection 


TABLE 5 


Methane-n-Pentane System 
Comparison of Observed K's With Equation 


100 10 
125¢ 


100 
600 2000 


220 
800 


220 


220 
2000 


suggests that deviations of the same 
order of magnitude between observed 
K’s and those evaluated from the equa- 
tions of this paper would be found. The 
larger deviations for this system may be 
attributable to greater uncertainty in 
the constants for m-pentane than in 
those for lighter hydrocarbons. The 
constants for m-pentane were fitted to 
early data of Sydney Young which 
covered less of a range of pressure and 
temperature than did the more recent 
data on the lighter hydrocarbons. 


3.6 Ethylene-n-Heptane. Table 6 com- 
pares K's at six states of the ethylene- 
n-heptane system recently reported by 
Kay (11) with those predicted by the 
present equations. The agreement again 
is good, with a maximum of 4.9% for 
ethylene and 8.4% for n-heptane, and 
absolute average deviations of only 
3.0% and 4.2%, respectively. 


3.7 Ethane-n-Butane, Ethane-n-Hep- 
tane and n-Butane-n-Heptane. Experi- 
mental determination of liquid vapor 
equilibria in the three binary mixtures 
which can be made up from ethane, 
n-butane and n-heptane have been re- 
ported by Kay in three papers (8-10), 
which are models of accuracy and com- 
pleteness. A comparison of K's ob- 
served by Kay at 13 states of the 
ethane-n-butane system has been given 
in Table 8 of (3). A similar compar- 
ison for the ethane-n-heptane system is 
given in Table 7 of this paper, and a 
comparison for the n-butane-n-heptane 
system is given in Table 8. The maxi- 
mum and absolute average deviations 
for K’s in these three systems are sum- 
marized below. 


Deviation Max. 
K of Ethane in 
Ethane- Butane 
Ethane-Heptane 
K of n-Butane in 
Ethane- Butane 
Butane-Heptane 
K of n-Heptane in 


Abs. Avg 


26 0.6 


9128 
0.0872 


0.7788 
0.2212 


0.8021 
0.1979 


c 
0.253% 5.0 


98 


Ethane-Heptane 

3utane-Heptane 
Deviations of K’s in the ethane-butane 
and ethane-heptane sys.ems are probably 
smaller than the experimental uncertain- 
ties. Those for the butane-heptane 
system are less satisfactory. 


0.0578 0.0517 


0.1892 
0.8108 


03565 
0 06435 


0.5509 
GL 


0.1893 
0.8107 


0.6921 


0.519 
©0481 


1.66 
0.1% 


4.11 
0.273 


2.61 
0.286 


4.8 2.06 
0.0713 0.0803 0.528 
03.8 


+17 


=3.6 


he? 


o1.5 


* € Deviation = 100 (Observed - Calculated)/ Observed 328 Propane-n-Pentane Table 9 com- 


pares K's at seven states of the propane- 
n-pentane system observed by Sage and 
Lacey (14) with those predicted by the 
present equations. Maximum and aver- 
age deviations are about the magnitude 
as in the methane-n-pentane system. 


TABLE 6 
Eurylene-n-Heptane System 
Comparison of Observed xf) With Bquation 


18s 


350 
1000 


0,961 
—_ 3.9 Methane - Ethylene - Isobutane. 
Careful measurements of liquid-vapor 
equilibria have been made for three 
ternary mixtures of hydrocarbons: 
methane - ethylene - isobutane, methane- 
ethane-n-pentane, and methane-propane- 
n-pentane. K’s at 16 states in the 
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1.59 
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*® £ Deviation « 100 (Observed - Calculated)/ Observed 
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methane-ethylene-isobutane system were TABLE 7 
reported by Benedict, Solomon and 
Rubin (1) and compared with K’s 
evaluated from the equations of this 
paper. Measurements were made at 500 185 1s 350 
Ib./sq.in.abs. and 100° F., 1000 Ib./sq. 
inabs. and 100° F., 500 Ib./sq.in.abs. Ftn 0.9565 0.764 
and 160° F., and 1000 Ib./sq.in.abs. and 
160° F. At each set of conditions K 0037 0.783 c 0.4895 
for methane and isobutane varied 
markedly with composition, and this i hed 1.56 
composition dependence of the observed ome —_ 
K’s was accurately reproduced by K's 
evaluated by the equations. The maxi- 
mum deviation of the observed K’s from 
those evaluated by the equations was 
7.1% for methane, 6.2% for ethylene © ¢ Deviation © 100 (Ceserved = Calculated)/ 
and 3.4% for isobutane. The algebraic 
average deviations were +0.2%, —0.7% 
and —1.5%, respectively, and the abso- Syetes 
lute average deviations were 2.3%, of wen Equation 
11% and 1.5%, respectively. These 

deviations are so small as to be close 
to the experimental uncertainty of the 0. 0.8322 0.73 
measurements. 

K’s observed in this system at 100° F. 
and 1000 Ib./sq.in.abs., are plotted as ‘ 1.83 
circles in Figure 1. The radius of each — 9 — 
circle is equivalent to a 5% deviation = = 
in K. The lines drawn through these 
circles represent the variation of K's 


evaluated from the fugacity coefficient 4, Summary of Comparison of — evaluated by the equations of this paper 
equations with the composition of the Observed K’s with Those has been summarized in Table 12. The 
mixture, here characterized by the mole Evaluated by Equations quantity tabulated is the average abso- 
~pomnnay lees ethylene in the liquid. This The foregoing comparison of K’s ob- lute deviation, figured without regard 
figure illustrates the considerable varia- served in 12 selected investigations of to sign. The average deviation for 


tion of K's with ae preaner and shows light hydrocarbon systems with K’s every component is less than 5%, with 
that the magnitude of the individual K's 


and their variation with composition is 
accurately represented by the equations. TABLE 9 


Fthane-n-leptane System 
Comparison of Observed x's'®) with Equation 


Observed 


* Devietion « 10) (Ceserved ~ Caleulsted 


3.10 Methane - Ethane -n - Pentane. 
Table 8 compares A’s at four states of Comparison of Observed x's) with Byation 
the methane-ethane-n-pentane system 220 ) 280 
observed by Billman, Sage and Lacey 
(5) with K’s evaluated by the present 
equations. The agreement between ob- 


served and predicted K’s is about the vt 


0.199 


same as in the methane-n-pentane sys- 
149 1.75 
tem. 0.329 
3.11 Methane - Propane - n - Pentane. 
Liquid-vapor equilibria in the methane- 
propane-n-pentane system have been in- 
vestigated experimentally at 100° F. by 
Carter, Sage and Lacey (6) and at 160 wee 8 
and 200° F. by Dourson, Sage and System at 10°F, 
Lacey (7). Table 11 compares K’s ob- Comparison of Ceserved mith Syation 
served in these investigations at 18 
states with those evaluated by the equa- 
tions of this paper. The agreement is 
excellent, except for the systematic posi- 
tive deviations for pentane at 100° F. 
which are similar to those noted in the 
methane-pentane and methane-ethane- 
pentane systems. The variation of K- 
values with composition, which is quite 
pronounced at all conditions of pressure 
and temperature at which this system 
was studied, is correctly represented by 


® Deviation = 100 ((bserved - Calculated }/ 


the equations. © € Deviation = 100 (Cheerved Calcwated)/ Observed 
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TABLE 12 


Summarized Comparison of K's Observed in Selected Investigations 
of Mixtures of Light Hydrocarbons With Those 
Evaluated by Pugacity Bquations 
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CATALYST EVALUATION AND MIDDLE 
OIL PREPARATION 


In An Experimental High Pressure Coal Hydrogenation Plant 


Part Il. 


H. J. KANDINER ft, R. W. HITESHUE, and E. L. CLARK 


U. S. Department of Interior, Bureau of Mines, Pittsburgh, Pennsylvania 


Data Analysis, Process Flow 
and Equipment 


(a) Material Balance Correction and 
Yields. It has been found desirable so 
to adjust the data that mass balances 
for carbon and total material are simul- 
taneously satisfied over the entire plant 
during a period of at least 32 hrs, (gen- 
erally 48) at reasonably steady operating 
conditions. Solvent water pumped to the 
light oil trap and decanter water sepa- 
rated from it are neglected. In this 
calculation, corrections are applied to 
the reported quantities of coal-oil paste 
input and off-gases collected. Data for 
these streams are subject to considerable 
error; the former because of difficulties 
associated with paste pumping, and the 
latter because of variable, and occasion- 
ally uncontrollable, oil letdowns which 
may cause low-pressure relief valves to 
flare an unmetered quantity of gas. The 
paste feed weight correction is generally 
negative and of the order of 5%. The 
off-gas weight correction, usually posi- 
tive, is considerably more variable but 
approximates the paste correction in 
quantity (not in per cent of uncorrected 
stream). These two streams are ad- 
justed in weight until total input weight 
equals total output weight and input 
carbon equals output carbon considering 
the following streams and items: 

t Present address: The Barrett Division, 


Allied Chemical & Dye Corp., Frankford, 
Philadelphia, Pa 


Pt. I of this paper was run in the August 
issue, page 392. 
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Inputs 


Coal, including catalyst 
Pasting oil 

Light oil 
Flushing oil 
Hydrogen make-up 


if required 


The ash correction is the quantity of 
ash unaccounted for by an ash balance 
of the streams considered and is neces- 
sary for reporting yields on an ash-free 
basis. Water output is calculated by de- 
termining oxygen unbalance (input 
oxygen is much greater than accountable 
output oxygen) and converting it to the 
stoichiometric equivalent as H,O. Hy- 
drogen sulfide and ammonia are simi- 
larly estimated from sulfur and nitrogen 
balances. Light oil and flushing oil feeds 
are needed on occasion to break plugs 
in certain of the lines. 

The corrected material balance, to- 
gether with the pertinent analytical data, 
is used as a basis for the following yield 
calculations: hydrogen absorption, hy- 
drocarbon gas make,* organic insolubles 
(ash-free benzene-insolubles), benzene- 
soluble oils, asphalt (benzene-soluble, 
n-hexane-insoluble), water, hydrogen 
sulfide, ammonia, and oxides of carbon 
(CO and CO.). 

Yields are all reported as percentages 
of moisture- and ash-free coal fed into 
the system and, with the exception of 


* This includes some pentanes and heav- 
ier which are presumably recoverable and 
should be collected or reported with the 
light oil. About 14-18 wt. % of the hydro- 
carbon “gas” make reported may be re- 
garded as normally liquid light hydro- 
carbons. 
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Outputs 


Heavy oil 
Light oil 
H,O 


calculated 


Ash correction 
Off-gases 


water yield, are calculated in the man- 
ner previously reported (7), but based 
now on corrected stream magnitudes. 
Water yield is obtained by correcting 
output water (above) for moisture in 
the feed coal and converting to per cent 
of m.a.f. (moisture- and ash-free) coal, 
Oxides of carbon are estimated directly 
from mass spectrometric analyses of the 
off-gases. 

The yields satisfy the following iden- 
tity, merely checks arithmetic 
accuracy : 


which 


Organic insolubles + soluble oil + 
hydrocarbon gases + 
H,O + H,S + NH, +CO 
+ CO, = 100 + hydrogen absorption 


A plant hydrogen balance is not stoich- 
iometrically independent but checks the 
numerical work. In the past, the above 
yield summation was regarded as an ade- 
quate though sensitive criterion of 
“tightness” of plant, quality of analyti- 
cal data, and accuracy of calculations. 
As a consequence of the material bal 
ance correction, this summation now is 
made to check precisely hence an alter- 
nate criterion for plant tightness is 
necessary. This is furnished by the 
over-all uncorrected plant material bal- 
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ance which compares total plant output 
(including water) with total input. In 
46 typical calculating periods this bal- 
ance varied from 93 to 103% with more 
than half the periods in the 94-98% 
range. 

The plant is operated on a batch basis, 
i.e., coal, catalyst, and pasting oil are 
blended batchwise in quantities sufficient 
for about an 8-hr. operation. These 
batches of paste are pumped into the 
continuous plant in succession, and all 
products collected or sampled are desig- 
nated as being derived from a specific 
batch. Samples are taken from each 
batch of feed pasting oil, product heavy 
oil, off-gases, and light oil. The samples 
of heavy oil and pasting oil are taken 
for determination of insolubles, boiling 
range, and asphalt on a control basis 
and the other samples held for com- 
positing. Those batches for which the 
control analyses appear reasonably 
smooth are then “collected” (on paper) 
into groups of four to six batches, in 
an attempt to smooth out some of the 
inherent dispersion of the data from a 
plant of this type. To minimize analyti- 
cal labor, particularly that required for 
ultimate analyses, the various feed and 
product samples are blended to givé a 
single sample of each material for the 

ttinent period. The ultimate analyses 

f the blended oil samples, spectrometric 

alyses of the off-gases, and the plant 

eight data are then used to complete 

e corrected material balance previously 

entioned. 

Although operations are on a simu- 

ted recycle basis, no attempt is made 

write a material balance around the 
tire plant including all the recycle 
eams. Material balances are written 
a once-through basis per batch or 
er operating period. Plant inputs of 
@al, pasting oil (nominally a recycle 
stream), and hydrogen are compared 
With all the plant outputs (except for 
fecycled tail gas). Thus, centrifuge be- 
Ravior and mechanical handling losses 
Qf oils in the process of conditioning 
them for recycle, do not affect the ma- 
térial balance. 
Certain negative asphalt and insoluble 

Ids have been reported in Table 1 of 

rt I; they arise from the netting out 

mtioned earlier, particularly in those 
Briods where the vehicle oil is being 
substantially modified on passage 
through the plant, for instance, when a 
test at longer contact time follows one 
at short contact. Other negative values 
may be due to minor analytical dis- 
crepancies; the reported yields are cal- 
culated as differences between large 
magnitudes and small errors in the lat- 
ter introduce large uncertainties. 


(b) Contact Time. Experimental data 
are frequently correlated in terms of 
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reaction temperatures and time at tem- 
perature, or some equivalent pair of pri- 
mary variables. In a flow system at 
elevated temperature a portion of the 
system operates as a preheater while the 
remainder of the reaction space is held 
at reasonably constant temperature. Be- 
cause of temperature control difficulties 
it is almost impossible to achieve or 
long maintain rapid and smooth preheat 
together with substantially isothermal 
reaction conditions. Actually, heating 
the feed to reaction conditions requires 
substantial time and significant reaction 
frequently occurs during preheating. In 
addition, apparently minor temperature 
variations in the hot reactor zone itself 
may make whole data periods incom- 
patible with one another. These difficul- 
ties were somewhat resolved heretofore 
(1) by plotting average temperature 
profiles (temperature as ordinate vs. 
distance from inlet of converter system 
as abscissa), which were “visually inte- 
grated” for average temperature and 
length of hot reactor zone. In the pre- 
sent work this procedure has been modi- 
fied in favor of an objective technique 
which eliminates the uncertainty and 
personal bias inherent in visual evalua- 
tion. 

The major steps in the method are: 
(a) Regard the several internal tem- 
perature observations in the converters 
as having equal weight (there are nor- 
mally about 100 such observations per 
batch, obtained by hourly readings for 
8 or 9 hrs. at 12 thermocouples); (b) 
distribute these temperatures into 
groups for each 5° C. deviation from a 
5° C.-wide temperature band straddling 
the specified reaction temperature; (c) 
using specified factors, convert the 
actual number of observations in each 
group into the equivalent number at the 
specified reaction temperature (see text 
below); (d) total the results; (e) di- 
vide this total by the total number of 
temperature observations to obtain the 
fraction of the converter system effec- 
tively at reaction temperature; (f) con- 
vert this last result into an estimated 
effective contact time at reaction tem- 
perature, using the known paste weight- 
flow rate and its estimated density at 
reaction conditions. Step (a) assumes 
that flow through the reactor system is 
unhindered and that the thermocouples 
are equally spaced, so that if there are 
100 temperature observations, each of 


e 


dx = (x) = -) 1) 
* 


of temperature observations in a partic- 
ular 5° C.-wide temperature zone may 
be regarded as a measure of the con- 
verter volume at that temperature. The 
factors of step (c) which convert vol- 
umes at one temperature to the “equiva- 
lent” volume at the specified reactor 
temperature, are obtained from a non- 
isothermal integration of the rate law 
equation assuming that the average 
over-all reaction is first order with an 
activation energy of 35,000 cal./g. mole. 

Consider a first-order * reaction pro- 
ceeding with specific rate constant k, 
at absolute temperature 7,. Assume that 
k, is a function of 7, given by the 
Arhennius equation : 


k, = 


where A = E/R, E being the activation 
energy, calories per gram mole; F the 
gas law constant, calories per gram mole 
per degree; and c a proportionality fac- 
tor. 

Over a range in temperature from 7, 
to Ty, the average reaction rate, k’, will 
be given by: 

ce~4/TdT 


1 
T,-T, 


For a first-order no-volume-change re- 
action the conversion y at residence time 
tis given by y = 1 —e—** where & is the 
specific reaction rate constant. Hence, 
to obtain the same conversion at differ- 
ent sets of contact time and temperature, 
we must have kt, = kota, or in the 
earlier notation k’/k, = t,/t’. Thus, the 
time, f,, at the specified reaction temper- 
ature, which is exactly equivalent to a 
given length of time, #, at some other 
preferably narrow temperature range 
may be estimated knowing the ratio 
k’/k, for the corresponding tempera- 
tures. 

Dividing the previous expressions for 
k’ and k,: 


e~4/TdT 


T,—T, 
T; 
Let F = k’/k,, and replacing A/T by x, 
one obtains: 


Aet 


e~*dx 
x 


F= 


Set: 


symptotically ). 
(asymptotically ) 


a=1 


them corresponds in effect to the temper- 
ature of 1 one-hundredth of the avail- 
able reactor volume. Hence the number 
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* Although the present discussion has 
been restricted to first-order reaction kin- 
etics for simplicity here, the tabulated fac- 
tors need not be so limited. 
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be nonrandom, as would be the case if Tobie 4-Factors for effective conteet time ot 

readings were recorded only for certain 
as” lected even t t t multi- 

Fa- selected even temperatures, say at mu 
T,-—T, [o(+2) — ples of 5° C., e.g., 440, 445, 450, etc. In | sempercture Spec tee 
this latter event, the tabulated factors bond 

But x = 20-30 in our present range, should be adjusted prior to use, conven- ey Hy aa 
and so neglecting higher order terms in iently by dividing all the entries in a 3475-3525 | 0.062 
the series 6(+) with minor error: 352.5-357.5 | 0.077 
357.5-3625 | 0.097 
me 4(}- +) 3625-3675 | 0.120 
372 5-377.5 | 0.184 
377.5-382.5 | 0.227 
where 382.5-387.5 | 0.279 0.037 


viven : 3875-3925 | 0.54! 0.045 
aT = T,—T, given column by the value in that col- see 8-3078 10417 0.088 


umn corresponding to the specified re- 3975-4025 | 0.507 0.067 

For various values of T,, equivalent action temperature. 402 5- 4075 | 0.615 0.08! 
for example to 420, 440, etc., °C., the Within limits, this method provides pany eer oa any 
above function can be evaluated for a objective correction of irregular experi- 4175-4225 | 1.080 0.143 
range of values of 7,, holding AT fixed, mental temperature profiles and enables 4225-4275 | |.296 0.17! 
The values of F, with AT = 5°, and the estimation of contact time which, if caameah rae a 
A = 17,600°, are the correction factors ll temperatures had been level, would 437 5-442.5 | 2.207 0.292 
just mentioned, and are given in Table 4 have given effectively an equivalent de- 442.5-447.5 | 2.622 0.347 
for several sets of reaction and preheat gree of reaction. The authors realize 
temperatures.* These factors can be that the correction has significant uncer- 4575-4625 | 4.336 O573 
used without further modification if the ‘taimties inherent in it but believe that 462.5 -467.5 0.675 
temperature readings are randomly dis- Placing the calculation on an objective po He eid 
tributed in each of the several 5° C. basis is a considerable improvement on 4775-4825 1087 
bands. However, the distribution may earlier qualitative and subjective tech- 482.5-487.5 | 268 
niques. 4875-4925 476 

*It has recently been brought to the 4925-4975 ne 
authors’ attention that a treatment, some- 4975-5025 1.993 
what similar to the above, for nonisother- Plant Equipment and Process Flow 502.5- 5075 2.308 
mal reactors has been proposed by J; quip 507.5~-512.5 2.669 
Sherwood in /nd. Eng. Chem., 28, 102 The present plant contains new pumps, 512.5 - 517.5 3.079 


(1936). compressors, low pressure accessori n S175 ~ 522.5 3.547 
sories, and 5225-5275 4.078 


2/ Based on on activotion energy of 35,000 
colores per gram mole reacted 
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Fig. 3. Schematic flow diagram, fuel-oil experimental plant. 
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jome new instruments, but is similar to one 
reviously described (1) in that the same 
igh pressure vessels and furnaces are used. 
typical schematic flow sheet«for the 


pected plant is shown in Figure 3. 
Crushed coal and recycled centrifuged 
avy oil are mixed in the paste-mixing 


k to prepare a coal-oil feed paste con- 
ning 20 to 35% coal. This paste, Pr 
isier to the paste feed weigh tank, 
mped through a preheater into the con- 
ter system. Hydrogen is obtained by 
lytically reforming natural gas with 
m, followed by oxidation of carbon 
noxide with additional steam and carbon 
xide absorption, and is stored in a 
,000-cu.ft. gas holder at nearly atmos- 
pheric pressure. Make up hydrogen, mixed 
with recycled tail gas, is compressed to 
system pressure by a 5-stage compressor 
and delivered to the paste preheater. Some 
hydrogen is sent directly to the first con- 
verter to keep at least one gas inlet open 
for possible emergency use. Material in the 
first converter overflows a fixed standpipe 
and enters the second converter, which it 
leaves in a similar manner to enter the 
heavy oil trap or hot catch pot. This vessel 
functions as a fractionater and produces 
“heavy oil” as a bottoms product. Hydro- 
carbons, volatile at the pressure and tem- 


Scole, feet 
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ond centrifuges 


Vetucie-or 


| 
| 


Light-o decanters 
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perature of this trap, pass overhead and 
through a water-cooled condenser * to the 
light oil trap, or cold catch pot. Conden- 
sible hydrocarbons separate here. Noncon- 
densible gases are washed with water in a 
small scrubber inside this trap and pass 
through a knockout or spray trap. The 
tail gases are then throttled by a back 
pressure regulator to nearly atmospheric 
pressure and returned to the compressor 
suction. 

Heavy oil slurry, containing high boiling 
oils, asphaltic substances, unreacted coal, 
mineral matter, and insoluble organic ma- 
terial, is intermittently drawn, manually, 
from the hot catch pot into the heavy oil 
weigh tanks. These latter are closed agi- 
tated steam-jacketed vessels in which the 
heavy oil is separated from gases flashed 
from it during pressure letdown. Flashed 
heavy oil gases, after cooling to recover 
condensibles, go to a 500-cu.ft. gasholder 
which is used to collect all gases from a 
single batch. Heavy oil collected during 
each batch is centrifuged for removal of 


*In operation B-4 where large quantities 
of light oil were anticipated a special con- 
denser, containing some 70 ft. of %«-in. 
O.D. x %-in. 1.D. tubing was substituted 
for the normal, considerably smaller, unit. 
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Fig. 4. Equipment layout of experimental coal-hydrogenation plant. 


some of its solids content. Centrifuged 
heavy oil, or so-called pasting oil, is stored 
in vehicle oil weigh tanks (not shown in 
Fig. 3), from which it is transferred as 
required to the paste-mixing tank. Light or 
middle oil and water are automatically dis- 
charged from the cold catchpot by a float- 
actuated trap and go to the light oil de- 
canter, a closed vessel from which flashed 
light oil gases are taken to the gas holder. 
The light oil and aqueous layers are man- 
ually separated at the end of each batch 
and the aqueous layer discarded. 

Pairs of weigh tanks are used for each 
of the several feed and product streams in 
order to operate the plant continuously and 
account for feeds and products on a batch 

sis. During each batch only one tank of 
each pair is used while the other is idle 
and so on, alternately. Somewhat similarly, 
four 500-cu.ft. gas holders are used for the 
combined off-gases. 

To maintain high hydrogen partial pres- 
sure in a gas recycle plant, a controlled 
purge of gaseous hydrocarbons is necessary. 
This may be done either by scrubbing the 
recycled gases, or by venting enough re- 
cycle gas to remove these hydrocarbons at 
the rate they are formed. For this small 
plant, the latter more expedient method of 
recycle hydrocarbon control has been 
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Fig. 5. Hydron unit for pressure transmission. 


adopted. Enough circulating gas is with- 
drawn from the system so that the recycle 
gas contains about 85-90 vol.-% of hydro 
gen. For mass balance purposes it is neces- 
sary to meter and sample the vented gas. 
In this plant it is convenient to draw this 
gas from the light oil knockout trap via 
the decanter and light oil gas meter into 
the same gas holder as is being used for 
the flashed gases. The holder is allowed 
to stand for four hours at the end of a 
batch to permit diffusional mixing 

As mentioned previously, scrubbers for 
reconditioning gases for recycle have been 
removed in the present plant; this simplifies 
operation considerably. In addition, paste- 
making and heavy-oil-centrifuging facilities 
have been substantially improved. Having 
two compressors available at all times has 
enabled the operators to complete runs 
which otherwise would have been shut 
down prematurely by mechanical compres- 
sor failure. The paste pump has two pump- 
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Fig. 6. Fourth and fifth stage com- 
pressor valve detail. 
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ing cylinders, or heads, which are (gener- 
ally) operated independently, so that such 
mechanical pumping difficulties as sticky 
valves or leaking packing do not force plant 
shutdown. Because the new plant is easier 
to handle, the operators can maintain condi- 
tions more nearly constant for longer 
periods of time than heretofore; this has 
resulted in improvement in accuracy and 
reproducibility of the data. 

Figure 4 shows, to scale, the location of 
the major units of the plant. Hydrogen 
compression, paste making and pumping, 
water-pumping, and light-oil-receiving 
equipment are in the pump and compressor 
area of the ground floor. On the floor 
above are the heavy oil weigh tanks, centri- 
fuges, centrifuged oil weigh tanks and 
associated apparatus. For all runs discussed 
here, the high pressure vessels were all 
located in a “hot stall,” a rectangular 
cubicle with reinforced concrete walls lo- 
cated in the high bay of the building. The 
high-bay area is isolated from the rest of 
the building by a pressure resistant wall, 
frequently referred to as explosion-proof. 
A portion of the pump and compressor 
area adjacent to this wall is partitioned off 
to provide a control area in which are 
located all instruments and valve handles. 
The valves themselves are in the high bay 
and are operated by extension handles 
which go through the explosion wall. High 
pressure lines from the pumps and com- 
pressors are carried in floor trenches and 
pass under the control corridor in pipe tun- 
nels. No high pressure gas lines terminate 
in the corridor at present. A high pressure 
flow meter (not shown in Fig. 4) is located 
in the high-bay area and is observed 
through a 3-in. thick bullet-proof glass 
window in the explosion wall. All bourdon 
tube gauges have been replaced by liquid- 
filled Hydron systems (Fig. 5). When the 
work described here was started, gas-filled 
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bourdon tube gauges were still used; each 
was fitted with an excess-flow-check valve 
to minimize flow of gas into the control 
corridor in the event of bourdon tube 
rupture. 

Compressor suction piping is protected 
by low pressure and oxygen alarms. Pres- 
sure at compressor suction during normal 
operation is about 5 in. of water positive; 
the alarm sounds if this pressure drops to 

in. positive. The oxygen alarm, built 
around a magnetic susceptibility instrument, 
can be set to trip at oxygen content rang- 
ing from 1 to 4%. It was considered in- 
advisable to rely on these devices for auto- 
matic shut-off; the operators investigate 
each alarm and take appropriate shut-down 
steps if necessary. 


Equipment Details 


In the plant’s early days, maintenance 
men directed most of their efforts to- 
ward keeping compressors, pumps, and 
other equipment in working condition; 
many of the runs made at Pittsburgh 
were prematurely shut down by mechan- 
ical troubles rather than process difficul- 
ties. As a result of a long series of 
trials, equipment has been so modified 
that all major units now have fairly 
reliable service life. At present, shut- 
downs are almost exclusively by choice 
rather than because of mechanical or 
other break-down. The authors believe 
that discussion of some of these devel- 
opments, may prove helpful to other 
workers in the field of high pressure 
pilot plant experimentation 


The compressors used in this plant are 
general service 5-stage 7500 Ib./sq.in. gage 
units nominally rated to deliver 750 std 
cu.ft./hr. Each machine is of the two-shait 
or “tandem” type with the second, first, and 
fourth stage on one shaft and the third and 
fifth on the other (stages are listed in or- 
der, from driven end). The second and 
third stages are sealed against atmospheric 
pressure, and the other stages are sealed 
from each other, by several types of packed 
glands. Delivery volume is controlled by 
manual adjustment of a variable speed 
drive; pressure control is obtained cither 
automatically by a back-pressure regulator 
or by manual manipulation of throttle 
valves. 

Most Operating difficulty and mainten- 
ance work in high pressure compressors is 
attributable to the valves and packing, par- 
ticularly in the higher pressure stages 
satisfactory valve assembly developed here 
for hydrogen service is shown in Figure 6 
and consists of a Type 303 stainless steel 
poppet which seats in a stainless steel 
block with a conical 90° seat. Tight sealing 
is achieved by a synthetic rubber O-ring 
which is so recessed that it will be only 
slightly compressed when meta! to metal 
contact is obtained. Ordinary good machine 
finish is adequate for the contact surfaces 
and these valves need no lapping. They are 
reliably tight for hydrogen directly on in- 
stallation and continue tight for the length 
of an operating run. Although life tests 
have not been made on the O-rings, it has 
been the authors’ practice to replace them 
after every run (or 500 hrs., whichever is 
sooner) to be certain that no trouble will 
arise. Use of valves requiring painstaking 
polishing of sealing surfaces has not been 
found satisfactory. Minute solid particles 
small enough to pass through the inlet gas 
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filters frequently score such highly polished 
or lapped surfaces after short periods of 
operation or lodge between the metal sur- 
faces preventing tight sealing. Flat plate 
valves were found to be particularly diffi- 
cult to maintain in good condition because 
of these effects. 

At present excellent service is being ob- 
tained using chrome-tanned leather chevron 
rings for packing the fourth and fifth 
stages. The stack of rings occupies a 2-in. 
length of packing gland and is pulled down 
about ™% in. by seating the cylinder end 
plug on its gasket. The amount of com- 
pression is not particularly critical; no 
shims are needed; the mechanic simply 
draws up on the plug to seal it without 
worrying about the rod packing. The new 
packing lasts at least 1,000 hrs., can be 
replaced in about 45 min., and seals well 
against hydrogen. It is lubricated with an 
oil containing 5% neatsfoot oil. 

Satisfactory service has also been ob- 
tained with chevron rings compounded of 
synthetic rubber and asbestos. To use such 
sacking successfully the packing gland 
cone and rod must have good surfaces. The 
rods themselves now are made of SAE 1040 
steel with a .001-.002-in. hard chrome plate. 
This construction is preferable to heat- 
treated high-carbon steel which is suscep- 
tible to fracture. Flexible chevron packing 
is better than solid metal ring packing be- 
cause the latter lacks resiliency and requires 
considerable adjustment of axial compres- 
sion to get good sealing. Exact adjustment 
of a nonflexible not too elastic metal pack- 
ing frequently is extremely critical, as little 
as 0.001- to 0.003-in. movement of the 
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packing follower may separate the too-loose 
position from the too-tight one. 


It is recommended that compressors 
be purchased with an eye to minimum 
operating maintenance requirements and 
specifications should be written with this 
definitely in mind. For example, the in- 
terstage piping on the machine, fre- 
quently designed merely for compact- 
ness, should be flexible or so arranged 
that valves can be removed readily for 
inspection or replacement. Packing gland 
access space should be extremely liberal 
—it is much cheaper to pay for such 
roominess in the machine layout than to 
tie up two mechanics for three days 
repacking one inaccessible low pressure 
gland. It is also helpful to be able to 
adjust all packing for wear and run-in 
while the machine is assembled and 
operating rather than to have to tear it 
down each time to get at one of the 
interstage glands. 

The high pressure (7500 Ib./sq.in. gage) 
duplex liquid pumps procured for the unit 
had to be rebuilt betore satisfactory safe 
service ~vas obtained. The pumps as de- 
livered consisted of a gear head motor, 
crankshaft linkage (crank arm and con- 
necting rod), cross head and cross-head 


guide, and pump proper (piston and head), 
all mounted on a common base plate The 


iniet 


Poppet type volves for clean liquids 


pump bodies were made of cast steel with 
several welded plugs; such bodies should be 
purchased subject to 100% radiographic in- 
spection. The pumps had not been so speci- 
fied and were found to have a number of 
casting faults as well as, in some instances, 
peor welds.* The quickest way to correct 
this difficulty was to fabricate new pump 
bodies. In the new heads (Fig. 7) good 
service is obtained on coal-oil pastes by 
using a single hardened steel ball which 
seats onto a sharp-edged hole for inlet and 
disc harge ports of the pump. For liquids 
of low viscosity (about 1-10 cps.) at pump- 
ing temperature, ball checks are not satis- 
factory, and better service has been ob- 
tained by a phosphor bronze poppet valve 
(similar to the compressor valve discussed 
above but without O- -ring) in a conical 
90° seat made of austenitic stainless steel. 
In this case the poppet has an 89° included 
angle so that narrow line contact is ob- 
tained when the parts are new. These 
valves require no lapping, work satisfac- 
torily for more than several thousand hours 
and may be rapidly replaced if necessary. 

With the redesigned pump head, new 
packing was installed and the pump rod 
loosely coupled to the cross head. The 
floating rod is accurately guided by metal- 


*It is of interest to note that similar 
fabrication defects were characteristic of 
the pumps supplied to the Bureau of Mines 
coal hydrogenation demonstration plant, 
Louisiana, Mo., as has been reported by 
Clarke, E. A., Chaffee, C. C., and Hirst, 
L. L., in Bureau of Mines Report of In- 
vestigations No. 4676, April 1950, pp. 26-27. 
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Fig. 7. High pressure pump head. 
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packing followers and excellent packing life 
obtained, using chevron rings made of 
polytetrafluoroethylene. These rings are 
lubricated by a mechanical lubricator 
operated by the drive motor. It has been 
found advisable to remove the packing, 
clean the gland and rod, and reassemble 
after every 300 hrs. of continuous running. 
The rings are inspected and are reused if 
in good condition. Inspection and repack- 
ing takes about 1 hr. and can be done 
while the plant is running because pumping 
can be maintained on the other pump head. 
Asbestos-synthetic rubber compounds were 
fairly satisfactory in this service; however, 
it was necessary to control the temperature 
of the heated pump head and gland much 
more closely than is required with poly- 
tetrafluoroethylene. For clean liquid serv- 
ice (e.g., the water pump in this plant) 
use of cloth-reinforced synthetic rubber 
compound chevrons permits several thou- 
sand hours of intermittent operation with 
no leakage or maintenance. 

Among other changes, 
was resized to reduce bearing loads and 
new connecting rods were made with 
forced lubricated bearings. Smooth pump- 
ing is attainable provided care is taken that 
no air is entrained into the paste by exces- 
sive agitation in the paste feed weigh tank. 

In order to withstand the thermal shock 
to the let-down valves caused by operating 
the heavy oil trap at 300° C. and higher 
temperatures, it was mecessary to use 
spring-loaded connectors in the lines. To 
enabie spring loading the bottom connection 
to these valves the seats had to be force- 
fitted into place rather than held in place 
with the tubing, as usual. Severe erosion 
occurred in the internal cavities of let-down 
valves operated on slurries for 500 or more 
hours. These valve blocks are type 347 
stainless steel without a wear-resistant 
sleeve insert. At present three valves are 
used in series in the heavy oil let-down 
line with a 300-hr. limit on each valve’s 
service life; at the end of this time the 
valve is opened wide and no longer used 
for throttling service. 


the pump rod 
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Discussion 


R. H. Wilhelm (Princeton (N. J.) 
University): Would the type of com- 
pound added (tin compound) and the 
method of addition—the form—liquid, 
solid, etc., affect the results in any way. 


H. J. Kandiner: It is peculiar that 
in the specific case of tin salts it doesn't 
seem to make any difference how you 
add the tin. This has been demonstrated 
primarily in batch autoclave studies 
where we have added powdered metallic 
tin, lump tin, a rod of metallic tin, in 
fact, all kinds of tin compounds and they 
all catalyze the reaction in quite the 
same way. If you take a lump of tin 
which has a limited surface, you will 
not get as good a reaction as you will if 
you use finely divided tin powder. But 
other than that, you get adequate cata- 
lysis with tin whether it is in the form 
of metal or in the form of almost any of 
its compounds—tin sulfides, tin chlor- 
ides, tin oxalate—it doesn't seem to 
make any great difference. However, 
in the case of the other materials studied 
there is quite a difference depending on 
the salt and physical form used. Here 
we used ferrous sulfate and nickelous 
chloride. Using iron chlorides produced 
poorer results and using nickelous sul- 
fates poorer results were produced also. 
In these studies, the metallic ion as well 
as the other portions of the compound 
both had an effect on the catalytic be- 
havior of the added material. As was 
noted, for material other than tin salts 
impregnating the coal with an aqueous 
solution of the catalyst frequently gave 
surprising improvement over the re- 
sults obtained when coal and catalyst 
were merely mixed together. 


Anonymous: I noticed that you have 
rather large quantities of catalyst fed 
to this system. Does it appear probable 
that you will be able to recover sub- 
stantial amounts of the metal catalyst? 


H. J. Kandiner: On that question we 
have not done any really good and con- 
clusive work. Some years ago work was 
done on the recovery of tin compounds, 
which indicated that a portion of the tin 
could be recovered. Recently some work 
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has been done on the recovery of other 
catalysts than the ones I mentioned here 
and the indications are that they too 
were recoverable. The particular 
thing that | think is most interesting in 
this work is that ferrous sulfate can be 
used as a fairly decent catalyst. Ferrous 
sulfate is available commercially, cheap- 
ly as waste pickle liquor or neutralized 
pickle liquor and there would be no great 
point in endeavoring to recover the iron 
catalyst from the products of the proc- 
ess. The difficulty with using tin is that 
you have to recover the catalyst not so 
much from the point of view of cost as 
in terms of its availability in this coun- 
try in wartime. Even in the case of 
the nickle salts, the catalyst doesn’t 
amount to too much of a cost burden 
on the over-all process. The major costs 
in this process are associated with the 
preparation, purification, and compres- 
sion of hydrogen gas; the actual propor- 
tion of the product cost which can be 
attributed to catalyst is relatively small. 
The economic development of coal hy- 
drogenation depends much more on the 
reduction in the costs of hydrogen prep- 
aration, purification, and compression 
than on catalyst recovery. 


Anonymous: My reason for bringing 
up this question was contemplation of 
the large amounts of metal required. If 
my mental arithmetic serves me cor- 
rectly, a billion barrels—if the coal is 
converted quantitatively—would take 
about a billion tons of iron, rather a 
million tons—and that is quite a lot 


H. J. Kandiner: There is no doubt 
that we can get rather staggering totals 
if we compute what would happen to 
our economy if all or most of the daily 
petroleum run were supplied by coal 
hydrogenation. I don't think even the 
most enthusiastistic proponents of coal 
hydrogenation anticipate such an out 
come in the immediate future. We will 
just work along into the actual condi 
tions as we get to them 

You can get similarly fantastic num 
bers if you consider some of the by 
products. For example, products which 
come off in fair yield based on coal— 
like phenol, cresols, xylenols or other 
tar acids within the useful commercial 
range—would be produced at a rate 
many times the current market demand 
for these materials if a large proportion 
of the petroleum capacity were supplied 
by coal hydrogenation. This is a prob- 
lem which will have to be faced when 
we get to it. I can't say anything on 
how probable it might be to recover 
catalysts. I know that the Germans did 
not do effective catalyst recovery. 


(Presented at Minneapolis (Minn.) 
Meeting.) 


(The End) 
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PERFORMANCE OF INDUSTRIAL AEROSOL 


FILTERS 


LESLIE SILVERMAN 
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IR and gas filtration has been a vex- 
ing problem for chemical engineers 
and industry for many years. Recent 
events such as the Donora episode have 
emphasized the need for knowledge of 
more efficient and less costly methods of 
cleaning process effluents. Actually the 
filtration process is one which offers a 
direct solution to the economical clean- 
ing of air and gases with regard to 
atmospheric pollutants as well as pre- 
cleaning of outdoor air for process use. 
Microscopically clean air has been a 
necessity for many years in the photo- 
graphic, pharmaceutical and biological 
industries where most of the contamina- 
tion must be removed from entering air. 
This requirement is in contrast to usual 
process wastes which are ordinarily 
much higher in concentration and vary 
over wider limits in physical character- 
istics such as size, surface, density and 
other features. It is intended to discuss 
both applications here since they involve 
filters with different theoretical and 
operating characteristics. 

Fundamentally there are three impor- 
tant factors in filter design, operation 
and selection. These are resistance, effi- 

iency and life. All these items will be 
iscussed at length in this paper. The 
rst is relatively easy to delineate since 
esistance requirements are dictated by 
uch physical characteristics as size of 
juipment, capital and power costs. Effi- 
iency of aerosol removal is related to 
sistance in some instances but is also 
independent variable and one which 
not readily defined since there are 
any bases to which efficiency may be 
referred. These considerations and the 
Significance of various test procedures 
and ratings are major items concerning 
air and gas cleaning by any principle 
although this discussion will be con- 
fined to filtration. 

The life of filter media and surfaces 
is also a function of the two above- 
mentioned factors but the relationship is 
not specific. A loss of efficiency or de- 
velopment of a basic resistance which 
cannot be reduced is an index of limited 


life. In general this can be predicted 
only from operating characteristics after 
installation or from a_ representative 
pilot. 

It should be stated at the introduction 
of this paper that much of the theoret- 
ical and practical knowledge on efficient 
filtration for low aerosol loadings and 
fine particulate matter (less than Ip) 
was developed on gas mask projects 
during the recent war. Information on 
process waste-handling has not yet 
reached a comparable stage in develop- 
ment since a wider variety of conditions 
is encountered. 


Types of Filters. Basically filters for 
industrial aerosols can be considered of 
two types. In the first the media serves 
as an efficient separation mechanism 
and in the other it acts as a support for 
the collected aerosol which then becomes 
an effective filter. While several media 
may be used for either kind, in each 
case applications are specific. We can 
divide these applications into two 
groups. In the first group are uses 
where low loadings are encountered 
such as cleaning of outdoor air or proc- 
esses which emit only a small amount of 
particulate contamination. In_ these 
cases it is usually desirable to operate 
with minimal resistance to flow (0.2 in. 
H,O). Such cleaners are used in air 
conditioning for comfort systems and 
home forced air heating systems or 
similar applications where the available 
draft is low. Because of the light loading 
it is not necessary to renew the filters 
often, hence “throwaway and renewal” 
or “shake and wash” methods are used 
when the filter reaches the maximum 
permissible resistance. Such filters are 
not efficient except on a gravimetric 
basis and therefore are limited to home 
or simple precleaning installations. 
Where good precleaning is required, 
more efficient separation can be obtained 
by using higher resistance media but in 
such cases nearly 10 to 25 times as 
much flow resistance is involved. 

In the second and wider field of appli- 
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cation for air-pollution control, require- 
ments are for collection of high concen- 
trations of aerosols with moderate resis- 
tance (1 to 6 in. H,O). Resistance 
must be controlled within certain limits 
and the filter surface must be renewable. 
In most of these applications the filtered 
material is easily recovered and usually, 
until removed from the filter surface, 
acts as the most important separation 
mechanism. Typical applications of such 
filters are the bag units for collecting 
metal fume from smelting operations or 
the filter units employed for sand-blast- 
ing and casting-cleaning operations in 
foundries and many miscellaneous aero- 
sols. 


Theory of Operation. In the light of 
present knowledge it is not difficult to 
present a fairly complete theory of oper- 
ation for air and gas filtration. A large 
number of investigations and studies on 
this problem have resulted in a reliable 
theory for most separation mechanisms 
although the composite problem is less 
concrete in solution. 

Before discussing the theoretical as- 
pects, it is important to present some 
information on industrial aerosols. Un- 
fortunately in many instances failure of 
many air- and gas-cleaning installations 
has resulted from lack of investigation 
on this important aspect of the problem. 

The important particle characteristics 
which influence removal by media, as 
well as bed or layer filtration by the de- 
posited aerosol, are the following: 


Particle size 

Particle-size dispersion 

Particle shape 

Particle density 

Particle-surface characteristics 
Electrostatic charge on particle (if 
any) 


a. 
b. 
d 
f. 


When the particles are deposited and 
a layer forms on the filter surface then 
the following additional considerations 
are important: 


a. Packing characteristics of deposited 


aerosol 
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Amount of particulate matter on 
filter at end of any period of opera- 
tion—in other words, the thickness of 
deposited layer. This factor depends 
on loading of aerosol approaching fil- 
ter and time ~ operation. 

Density of 

4 Viscosity o rs 


Of all the factors influencing removal 
by filtration, particle size is perhaps the 
most important. Below this item particle 
dispersion has been included because 
this includes the spectrum of sizes to be 
removed. While many laboratory filter 
tests have been based on homogeneous or 
uniform-sized aerosols, most industrial 
aerosols are heterogeneous. This consid- 
eration is significant in evaluating effi- 
ciency. 

At the present time, as was pointed 
out recently (8), no universally accepted 
standard test suspension nor any method 
of rating and testing filters exists. A 
number of organizations, such as the 
A.S.M.E., A.S.H.V.E. and U. S. Na- 
tional Bureau of Standards, have set up 
various procedures and methods but 
each has a specific purpose. Their limi- 
tations are discussed at length in a re- 
cent report (8). The techniques that 
have been used for rating removal per- 
formance in order of application are 
shown in Table A. The importance of 
size is indicated (See Table A). Com- 
parison of a lp» particle with a 1p 
particle indicates that on weight and 
surface bases the difference in method 


TABLE 1.—SEPARATING MECHANISMS IN FILTRATION OF AEROSOLS 


Force 


Direct interception 


Gravity 

Impaction (inertial contact or fiber effect) 
Diffusion (Brownian movement) 
Electrostatic charge 


Sieving 


of rating is tremendous. Only count 

methods are comparable on this basis. 
TABLE A. 

Size Factor 

Method for Rating Collection ———-—— 

Efficiency 104 la 


1000 1 
1000 1 


Weight removal (gravimetric) 
Weight removal by particle size 
Discoloration of a test filter 
(stain) or smoke penetra 
tion metering .. 100 
Decrease in particle numbers 1 


Since efficiency is dependent upon the 
method of test it is obvious that particle 
enumeration methods are the most 
severe. Consequently except for situa- 
tions where a health hazard is present 
(such as recirculation of air from which 
toxic dusts are removed), this basis is 
seldom used. Arguments against its use 
have been primarily directed towards 
the human error, tedium and time in- 
volved. However, in the last analysis 


Particle Size Range 


>1 although any size may be separated (Not 
an important force since it is limited to particles 
whose centers remain in coincidence with a given 
streamline (becomes small when particles are 
small) 


>la 
< 0.01 g-0.5 
<O001 5a 


> Filter pore size or pore size of deposited filter 
layer 


it is essentially a method from which 
the other efficiencies may be derived. 

Photometric methods have been the 
most widely used because of their sim- 
plicity and rapidity. Use of staining or 
direct photometric measure is rapid and 
can be applied to production control and 
evaluation. These are the chief reasons 
it has been adopted by certain groups. 

Gravimetric methods find the most 
favor among equipment manufacturers 
they provide high ratings. In re- 
however, an attempt has 
been made to offer fractional guarantees 
in respect to certain particle-size ranges. 
At present, however, these fractions are 
quite broad in each size classification 
(5 to 10u) and hence in most instances 
these guarantees are not difficult to 
meet. 

The theory of filtration is based on 
the physical characteristics of the par- 


since 


cent years, 


| 


Fig. 1. 


A. Limiting trajectory 
B. Trajectory 7 Su 


ft./min. 
for a 5« particle. 


(5) 


Inertia deposition of particules against an ween) fiber 20 diam. with an air velocity of approximately 


particle which misses the fiber. 


C. Trajectory of a 3u particle which misses the fiber. 
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ticles to be separated and the nature of 
the filter. It is not intended to present 
here any elaborate mathematical treat- 
ment of the problem. This has been 
done elsewhere (5, 9, 10). 

Basic separation of particles by filters 
whether composed of aggregate beds or 
fibers is accomplished by several me- 
chanisms. Forces available and the size 
range over which they act are presented 
in Table 1. The actual size limits stated 
are only approximate since the forces 
available can act to a limited extent be- 
yond these values. Direct interception 
is a minor mechanism since only a small 
percentage of particles can be removed 
by such coincidental location. Gravity 
separation is also limited except in deep 
bed filters operated at low velocity such 
as coke or sand filters. 

Impaction and diffusion are the most 
important forces available and are 
greatly dependent on particle size and 
dispersion. Impaction has been de- 
scribed by many terms and has been used 
interchangeably with impingement, in- 
ertia and streamline contact. Since re- 
moval is taking place at essentially low 
velocities (<600 ft./min.) impaction is 
perhaps better terminology than im- 
pingement. In the case of fiber contact, 
separation is due to a change in direc- 
tion of the streamline as shown in 
Figure: 1 and is an inertial effect. This 
force tis similar to that described by 
Bosanquet in early spray-scrubbing 
studies and is discussed at length by 
Johnstone and Roberts (7) and refer- 
ences cited previously. The efficiency of 
impaction for spherical particles of uni- 
form density is a function of the particle 
diameter squared and of the reciprocal 
of the impacting object size. It has been 
tshown to be a function of the dimen- 
fsionless group mu/kD 


where 


m = particle mass 

u = gas velocity 

k = Stokes’ law resistance coeffi- 
cient (3myd for spheres) 

fiber diameter 


4 
: 


D= 


mu 1 


For spheres : iD if 


(1) 
: 

= particle density 
d = aerosol diameter 


w# = viscosity of gas 


Carey (4) has expressed target effi- 
ciencies for impaction of particles on 
a fiber filter in terms of a dimensionless 
group Dg/uf where gq is the acceleration 
of gravity and f is the settling velocity 
of the particle. The other units are as 
above. This is similar to the Johnstone 
and Roberts group, but of a somewhat 
different form. The effect of the bed 
fiber size is thus related to the particle 
size separated, hence in beds of compar- 


able density the one composed of finer 
fibers will be the most efficient. For 
practical considerations it is well to re- 
member that separation by impaction is 
also influenced by the boundary layer at 
the fiber surface. 

Target efficiency for separation by 
impaction can be approximated by the 
method presented by Carey (4). This 
type of analysis permits an estimate of 
the “cut” or minimum size separated. 
Deposition by diffusion is due to con- 
tact as the particles drift past the fibers 
or bed components. The fraction re- 
moved has been approximated from an 
expression based on Einstein’s equation, 
The diffusion target efficiency is repre- 
sented approximately by 


Constant \/ Vel X particle diameter X fiber diameter 


1 
C Vy udD 
If velocity is in feet per second and the 
diameters are in microns, the value of 
the constant for air is 41. 

The fraction of particles removed 
from an air stream by a single layer 
of fibers and the three contact forces 
are principally influenced by velocity. 
Thus interception is independent of 
velocity, while impaction increases with 
velocity rise and diffusion decreases 
with velocity increase. As particle size 
increases interception and impaction 
separation increase while diffusion re- 
moval decreases. 

To proceed from a single layer of 
fibers to a multiple bed, it has been 
found that a log penetration law fits 
most cases. This can be expressed in 
several forms as Davies (5) has shown. 
One form which can be used is 


(3) 


where 


fraction retained or efficiency 
= a constant 
pressure drop across filter or 
number of filter layers 


This formula fits many types of filter 
beds but does not hold over the range 
of efficiency obtained when packing 
density is increased. 

The influence of electrostatic charge 
is not well known. The Hansen or 
electrostatic filter created by carding a 
powdered resin into wool produces an 
effective filter with low resistance to 
flow. The only observed limitation for 
its performance is that oily mists coat 
the resin and nullify the charge. The 
charge also dissipates on continued use. 
This filter has been applied principally 
to toxic smoke respirators. However, it 
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has been used recently on a limited 
scale for wool bag filters. 

Sieving is a mechanism which largely 
accounts for the high separation effi- 
ciency of cloth bag and screen filters. 
Because of the layer of aerosol particles 
formed at the surface of the filter media 
a relatively inefficient media can remove 
a high percentage of particles. This 
feature makes it possible to use a bag 
filter for long periods at high efficiency 
since shaking does not dislodge those 
particles enmeshed in the fabric and 
nap but removes the bulk of the layer. 


Resistance of Filters. The resistance 
of filters to air and gas flow is a two- 


(2) 


fold problem. Pressure losses are di- 
vided into those of the basic filter media 
and of the aerosol layer which in most 
filters forms at the surface. Enough 
material exists in the literature to pre- 
dict energy losses in aggregate beds and 
those composed of fibrous, lattice, or 
filamentous materials. Data for filter 
beds are correlated by a general form 
of flow equation but coefficients vary 
with the nature of flow and bed char- 
acteristics. Fluid flow through porous 
media can be of three types, laminar, 
transitional or turbulent. Most air and 
gas filtration takes place in the laminar 
range although in certain fibrous beds 
operated at high velocity and density, 
transitional and even turbulent flow is 
possible. In aerosol layers formed on 
filtration media laminar flow is difficult 
to exceed without extreme pressure 
losses. 

Fundamentally the pressure loss 
through a media such as cloth or packed 
fibers varies directly with the thickness 
of the material and with the velocity 
(streamline flow). This can be ex- 
pressed by 


ap = C,Vax (4) 


where 


Ap = pressure loss 

I” = average velocity through media 
AX = thickness of bed 

C, = resistance coefficient 


If the flow is transitional or turbulent 
the exponent on velocity is greater than 
unity. 

Orientation of fibers has been shown 
to have a marked effect on the resis- 
tance. Sullivan (74) has presented data 
on cotton and wool fibers indicating that 
when flow is parallel to fibers pressure 
was almost halved. (The corresponding 
information on filtration performance 
with such alignment is now under in- 
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(A) TYPES OF FILTER FABRICS 


AIRFLOW 


+ 


(B) REPRESENTATIVE DISTRIBUTION OF DUST LOAD ON FABRICS 
Fig. 2. Dust distribution on various media (2). 


vestigation in the writer's laboratory.) 
Of importance also and directly affect- 
ing C, in Equation (4) is the porosity 
of the material or the density and spe- 
cific surface of the packed fibers or 
woven cloth. 

Resistance losses of impaction-type 
filters such as twisted wire, expanded 
metal and similar media used in pre- 
cleaning of air for air conditioning and 
heating purposes usually are in the ex- 
ponential range because of the relatively 
high velocity at which these filters are 
operated. The porosity of such filters is 
also high. 

Pressure loss through aggregate beds 
has been a subject of many recent in- 
vestigations and was discussed recently 
(3, 11). Most of these studies have re- 
sulted in modifications and corrections 
to the original D’Arcy or Kozeny equa- 
tions. Arthur and others (7) have re- 
cently presented data on the bed condi- 
tion and also on flow distribution. It is 
thus possible to predict losses through 
aggregate beds of uniform materials or 
those with limited size dispersion. Un- 
fortunately not much information is 
available for materials of wide-size 
variation such as a bed composed of 
heterogeneous particles with tenfold or 
more variation. 

This latter situation is the case when 
an aerosol layer forms on a filter sur- 
face. The resistance through such a 
layer has been studied by Williams, 
Hatch and Greenburg (17) and the 
simplest expression for their results is 
as follows: 

Ap = al’w (5) 
where 


= filtering resistance coefficient 
= average filtering velocity 
weight of deposit per unit area 
of filter surface 


Resistance coefficients in inches of water 
per pound of dust per square foot of 
cloth area per foot per minute filtering 
velocity range from 0.62 for coarse 
foundry dust to 47.2 for fine lamp black 
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(<2y). A table of data is presented 
by Williams et al, but further informa- 
tion on this subject is necessary. It 
would be desirable to be able to predict 
these resistance coefficients from several 
basic aerosol characteristics such as size, 
dispersion, shape and packing charac 
teristics. This ideal may be difficult to 
attain. Billington (2) has attempted to 
do this mathematically in terms of the 
size distribution with some interesting 
results indicating a fair correlation with 
experimental visual or photometric effi- 
ciency data. 

The rate at which filter resistance 
increases with dust-loading and type of 
filter is shown in Figures fae 3. Thus 
the basic media has a definite effect on 
resistance rise as well, as life is indi- 
cated in these figures. The dust deposit 
is difficult to dislodge from the felt 
media but can be removed frequently 
by shaking from the other two without 
destroying its effective life. Many felts 
can be cleaned of surface deposits which 


are similar to woven cloth but the 
aerosol penetrating is only removed by 
reverse flow of high velocity. 

A definite relationship between filter 
efficiency and resistance has been shown 
in certain instances. Rodebush (9, 10) 
has combined the penetration Equation 
(3) in its simplest form with the 
pressure-loss equation for homogeneous 
aerosols : 


penetration 
(6) 
where 


efficiency = 
effluent concentration 


initial concentration 
stopping coefficient 
= filter thickness as in Equation 
(4) 
s= KaxX 


By combining this with the resistance 
in ratio form (Equation (4)) 


‘ 
Ss K 

= ; (7) 
4 ax 

By means of this equation Rodebush has 
shown it is possible readily to compare 
the performance of different filter beds. 
For many materials K is nearly inde 
pendent of flow rate in which case $/P 
varies inversely with velocity. The rate 
of flow should be stated with S/P values 
or they are valueless. For a given filter 
the higher the value of S/P the better 
the filter is from the criteria of resis- 
tance and efficiency (also life). In 


5.0 


PRESSURE DROP (DIRTY) 
PRESSURE DROP (CLEAN) 


20 40 


OUST LOAD-—— GM. PER SO. FT OF FABRIC 
Fig. 3. Effect of dust load on pressure loss through various fabrics (*). 
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TABLE 2 


Performance of Resin Wool Filters (12) 
Por Atmospheric Dusts 


Air Velocity 


Filter fpm 


Photometric 
Efficiency 
(Initial %) 


Resistance 
Inches of Weter 


felt 1/8" thick 
felt 1/16" thick 


Resin wool 
2esin woo} 
Resin woo! 
Resin wool 
Resin wool lap 
Resin wool f 


terms of constant particle-size dust, 
Billington (2) has presented an expres- 
sion for air-conditioning filters relating 
photometric efficiency with pressure 
drop. This expression is empirical: 


n= Ba is 


(8) 
where 


8 = a constant 
d = particle size in microns (0.3 to 
= pressure drop, inches of water 
velocity in feet per minute (1 
to 500 ft./min. 
» = efficiency 


Obviously this equation can be true only 
over a limited range since the efficiency 
cannot exceed unity. 


Performance of Filters 


Performance of filters should be con- 
Bidered on a basis of the two basic 
types; those in which filtration is en- 
tirely by the media and those where the 
Berosol, becomes the essential filter. 

Media performance can be discussed 
bn a basis of so-called fixed or deep bed 
Blters and the initial and final perfor- 


ance of cloth media. The amount of 
formation on deep bed media for air 


tration is limited to the coke bed filters 
@sed for sulfuric acid mist, a few other 
@pplications and to the comparatively 
Mefficient fibrous or twisted metal 
Gilters used for air conditioning and 
ecleaning work)? 
} Data reported for coke bed filters 
With sulfuric acid mists ranging from 
to 3 is as high as 99.9% on a weight 
sis. Since the '4-p particles are only 
small fraction of the weight of larger 
rticles it is obvious that this efficiency 
is based on the upper sizes. Such filters 
have given good results, however, in 
terms of life and eliminating nuisance 
problems. Unfortunately they require a 
large amount of space since a 3()-ton/ 
day acid plant may require a coke box 
30 to 40 ft. in diameter and several feet 
high. In operation they may last one 
year before the bed plugs with atmos- 
t Because of their limited application in 


industrial work these devices are not dis- 
cussed here. 


0.3 99.6 
0.09 96 
0,08 73 
0,10 70 
1.27 73 
0.30 90 


pheric, entrained dust and particulate 
matter. The bed must then be removed 
and replaced or cleaned. 

A similar-type filter to the coke bed 
but much more versatile was recently 
reported (6) for use on operations in 
which atmospheric dust caused a suriace 
blemish in finished plastics. It was 
found that the entering air-borne dust 
caused the trouble. This was removed 
by passing the air through slabs of 
Stillite, a special form of slag or rock- 
wool having a fiber size of 5. The air 
was drawn through a unit composed of 
830 preformed slabs of Stillite each 
2 sq.ft. and % in. thick, arranged in a 
tentlike frame. The air quantity passed 
through the filter was 12,000 to 15,000 
cu.ft./min. yielding a face velocity of 
7 to 9 ft./min. Based on the fiber 
diameter, the minimum size particle 
removed by impaction and diffusion 
should be 0.54. The initial pressure loss 
is 0.4 in. of H,O and the slabs are 
discarded at 1.6 in. of HoO. The actual 
life with atmospheric dust averaged six 
months with city air (England). The 
weight efficiency is approximately 90%. 
Size distribution is given in Table B. 

These data indicate that approxi- 
mately 90% of the dust is greater than 
0.84 by weight which agrees well with 
predicted size removal. 

The chief disadvantage of this filter 
is the area required to house the unit 
This can be reduced by arranging the 
bed material in tiers. 

Similar results to those above were 
obtained by Terjesen and Cherry (16) 
in removing bacteria from air. In this 
case B. Subtilis spores (0.75u diameter 
and 4y long) were almost completely 
removed (0.0002% penetrating by 


rABLE B 


ATMOSPHERIC DUST SEPARA 
TION ) 


BY SLAG WOOL FILTER (6 


Weight Percentage Less Than 
Stated Size 


Dust from 
Filter 
Surface 
after six 
months of 
operation) 


article- 
Size Dust in Air 


in Filter Room 
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count) by a 3-in. thickness of the same 
material. The spores were found to 
penetrate the wool approximately 2 in. 

Comparable results to these can be 
obtained by using Fiberglas media. The 
FG25 and FG50 specification (mean 
fiber size 3.34 and 1.3 respectively) 
when bonded into %4-in. mats of 0.5 
and 0.6 Ib./cu.ft. density respectively 
will yield 90% count efficiencies on 
outdoor air. In this case the air velocity 
was approximately 30 ft./min. and the 
pressure loss initially close to one inch 
of water. 

A high efficiency fixed filter for air- 
and gas-cleaning is the asbestos-cellulose 
paper developed by the Chemical Corps 
and recently improved and described 
(15). At a pressure loss of approxi- 
mately one inch of water and a face 
velocity of 5.25 ft./min., this medium 
shows atmospheric dust count penetra- 
tion of less than 0.02%. As the media 
plugs, the efficiency improves rapidly on 
dry dust. These filters will give many 
months of service on outdoor dust loads 
and their life may be extended by using 
pre-filters of Fiberglas or rockwool just 
mentioned. The only limitation of these 
asbestos-paper combination filters is 
their inability to withstand continued 
exposure to moisture or acid-laden air. 

Another efficient filter which depends 
on electrostatic charge as well as fiber 
effects is the Hansen filter developed 
in Denmark and England. In this 
media, wool is carded with a phenolic 
resin which assumes a negative charge 
or the wool can be impregnated with a 
resin coat. Exceptionally high efficiency 
with low resistance can be obtained with 
this filter as shown by the data in Table 
2 from Billington (2). The filter func- 
tions well and does not lose its charge 
except in oily mists and prolonged 
saturated atmospheres. 

Some attempts have been made in 
this country to use this principle in 
commercial wool felts. Saran plastic 
has been used and an increased efficiency 
was obtained on a continuously cleaned 
blow-ring filter unit. Dust respirator 
pads have also been made of this mater- 
ial and exceptional results have been 
obtained. It is probable that the resin 
bond used in Fiberglas filters of the 
type just described may contribute to 
their performance. 

All the filter materials discussed have 
a common difficulty, namely that they 
cannot be cleaned by ordinary means 
without being removed or replaced. For 
this reason they are used only where 
ultracleaning is desired or the loadings 
are very light (on the order of 0.1 to 
1 gr./1000 cu.ft. of air) such as in the 
case of outdoor air or radioactive loads. 

For heavy loads such as ordinary 
process wastes where loadings vary 
from 1 to 10 gr./cu.ft., filters with 
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constant or renewable surfaces are de- TABLE 3 
sired. In this purpose cloths, felts or 
metal media are generally applied. 

Cloth media for air and gas filtration 
are as numerous as those used for liquid 
and chemical processes. The most 
widely, applied to process dust work at 
ordinary temperatures, is a sateen weave 
cotton cloth with a napped surface. This 
is a durable material which can be 
shaken and cleaned for many months 
or years of service. For high temper- 
ature work, wool or synthetic media 
(Orlon) is used. To date glass cloths 
have not been satisfactory because of 
mechanical failure. Recently, better 
bonding materials have been developed 
which may minimize this difficulty. square yard 

Initial filtering efficiencies of several 6 Same as No. 4 plugged with 
fabrics obtained in this laboratory are ©——&2- 
shown in Table 3. Basic factors which 
influence characteristics of these mater- yard 
ials are the thread count of cloths, the 
quality of the nap, the density of the 
felt, thickness and felt fiber size. 

These data indicate that initial cloth 
efficiencies may vary from less than 
10% to more than 90% depending upon 
the particle size and type of fabric under 
consideration. Pressed felts usually 
show higher initial efficiencies than 
woven media but do not have the 


Initial Filter Performance for Cloth Media 


Initiel 
Resistance 
per sq.ft. 
per c.f.m, 


‘Tobecco Smokee Silica Dustee 
Photometric Photometrie Countece 


Material 


Sateen weave cloth. Fine 0.06 20 


nap. Beg collector fabric 


Same meterial (No.11) “4 
plugged with MgO 

Seteen weave cloth. Not 

es high count as above. 

Coarse nap 


Same material (No. 3)plugged 
with MO 

Light white felt 1/52 inch 
thick. 3.6 to 3.9 of, per 


Mean site approximately 0.25 u 
eeMean site approximately 1 u 
ee*Light field count based on optical system resolving 0.9 . and > 


interested in these features of air- 
filtration application can refer to this 
and other articles mentioned in this 
paper. 


fiber or media plugs and a layer forms 
which gives the over-all performance 
figures cited. Because of this fact, 
attempts have been made recently to 


abrasion resistance necessary for shak- 
ing mechanisms. Felts are usually used 
in fixed installations cleaned by vacuum 
or by external blow rings as in Hersey- 
type filters. 

Once an aerosol layer is formed on 
a cloth media surface entirely different 
results are obtained. For example, data 
for a cotton-bag-type filter presented by 
Fairs and Godfrey (6) are shown in 
Table C. Because of this size distribu- 
tion this filter shows a weight efficiency 
considerably more than 999%. 

In a series of field tests conducted by 
the laboratory (8) on commercial air 
filtration units, results shown in Table 4 
have been obtained. None of the media 
shown in Table 4 would give initial 
efficiencies more than 70% on the 
aerosol used. In a few minutes the 


TABLE C.—DATA FOR COTTON-BAG- 


TYPE FILTER 


Hydrated lime packing bagging operation 
Bag surface 340 sq.ft 

Filtering velocity——3 to 5 ft./min 
Pressure loss—2 to 5.2 in. of HD 
Shaking—once/4 hr 

Collects 0.5 tons/day 

Dust load 7 gr./cu.ft 


Weight of Dust Less 
Than Stated Size 
Particle Size Bagged 


Material Fiher Dust 


“plug” or form an efficient filter layer 
with flocking materials such as asbestos 
fiber. In tests on atmospheric air utiliz- 
ing fine asbestos it has been possible to 
clean outdoor air in a bag-type filter 
with more than 95% efficiencies. The 
loading has been such that cleaning is 
only necessary at monthly intervals and 
a new asbestos layer is air-floated onto 
the filter surface at the beginning of 
each operating period. 

In this paper no attempt has been 
made to describe commercial units and 
their operating characteristics. In a 
recent article (/3) the writer has pre- 
sented a description of the application 
of filtering principles in such units with 
a discussion of factors such as cost, 
operation, maintenance and life. Readers 
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TABLE 4 


Performnee of Commercial Air Cleaning Unite® 


tit Dust 


Particle Sise Date 


Leadin Tieleney 


bev. grains per eu.ft. ight) 


Cloth beg filter 
(supported 
screens )( 7000 


Tale 
Rubber 
Dusting 


13 3.4 4.3 


Cotton leaf frame 
filter (400 
o.f.m.) 


Zine 
Stearate 
(fluffy) 


0.9 


Paper filter 
renewable (3300 
e.f.m.) 


Zine 
Stearate 


0.9 


* Based on data (15) obtained by Air Cleanin 
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Discussion 


David Coghlan (Foote Mineral Co., 
Philadelphia, Pa.): Has the develop- 
ment of the Fiberglas bats been re- 
duced to a point where they can be 
cleaned and reused after once being 
soiled ? 


Leslie Silverman: When you say 
Fiberglas bats you are covering a large 
number of products of the Fiberglas 
} manufacturers. They make a simple bat 
i containing coarse fibers which can 
} be cleaned by knocking or blowback. I 
} should say the extraordinary—the fine 
| fiber glass—the FG25 or 50 combina- 
[tions which run 3 and Ip fiber size 
| respectively, and are bonded with a 
‘plastic resin, are not renewable so far 
fas we have been able to determine. You 
}can remove by weight, most of the sur- 
) face material, but you cannot thoroughly 
fclean the pores. This is true also of the 
previous type coarse 100- 
5300, because they use an oiled ad- 
Phesive to hold the particles. You can 
‘strip material very easily from the 

surface of the filter but the material 
which has penetrated below the surface 
is difficult to remove. Some work has 
been done using air jets for removal 

for Fiberglas bats or cells but it is 
still too early to comment further. 


D. V. Ross 


Corp., 


| 


mentioned, 


( Tennessee - Eastman 
Kingsport, Tenn.): You just 
made a statement that the dust which 
penetrates below the surface of the film 
is there to stay. Now, in using these 
deep felts, how do you get rid of that 
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dust once it gets under the surface? 
Won't it eventually blind the cloth? 


Leslie Silverman: Well, the type of 
pressed felt which I referred to utilizes 
a blow-ring mechanism which provides 
a reverse air jet. In other cases, where 
you do not attempt to blow off the 
material, the particles stay lodged in 
the fibers and you get a resistance which 
gradually increases until when it ex- 
ceeds a certain value, it is removed and 
cleaned. But with the blow-ring type 
of unit the particles are blown off to a 
certain extent—that is, a certain amount 
are removed—principally the surface 
layer particles but some particles pene- 
trate below the surface and remain. 
Eventually these materials do change 
porosity and become higher in resistance 
and eventually may have to be replaced. 
In blow-ring installations over a period 
of a year no significant resistance in- 
crease has resulted above a “plugged” 
base value. 


Anonymous: Do the particles that 
get into the fiber material or mat stay 
there? It has been my observation that 
they do not necessarily stay there—and 
when I say this I mean a small per 
cent. When the fan is on there is 
compression of the fiber mat and when 
the fan is turned off the compression 
ceases and the fiber mat expands again. 
This compression and expansion of the 
mat change the curvature of the fibers 
in some cases and it will also allow the 
particle to release itself from the fiber. 
Therefore, I believe there is some 
mechanism which allows the particles 
to move on through the fiber mat and 
eventually come out of the effluent end. 
Would you comment on that? 


Leslie Silverman: My comments 
would be tempered by your remark that 
it is a small percentage that comes 
through. Of course, if you continue to 
operate and do get a high density of 
particles in the pores, there is nothing 
to hold them there except their adhesion 
to the fiber surface, unless a charge 
phenomenon exists, so that the only 
conclusion I could reach at the moment 
is that it is impossible to hold them 
there indefinitely and that there are 
mechanisms such as you mention, which 
would remove them. In commercial use 
that has not proved to be a serious 
handicap. 


H. F. Johnstone, 
linois, Urbana, Ill.) : One of the signifi- 
cant developments in filters since the 
war has been this application of the 
resin impregnation. These are in indus- 
trial use in England. As Professor 
Silverman mentioned, it is possible to 
retain the electrostatic charge on these 
fibers for months or even years. From 
the theory of collection of aerosols by 
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impaction and diffusion, it is expected 
that a filter should show a maximum 
in the penetration in the 0.3 to O.5p 
range. However, when electrostatic 
charges in the filter are important it is 
possible to get increasing efficiency as 
the diameter of the particle decreases. 
Would you comment more about the 
mechanism of these filters—how the 
charge is developed and retained, and 
any limitations in the applications that 
exist? 


Leslie Silverman: Resin wool filters 
were originally developed in Denmark 
by a man named Hansen * and his filter 
was made by carding with a 
ground phenolic resin—in fact not only 
this phenolic resin but ordinary wood 
resin will work. If you card the wool 
and resin mechanically, the resin par- 
ticles become charged. Now each indi- 
vidual particle becomes then, if you 
want to conceive of it, a little electro- 
static precipitator and if the dust that 
is being filtered is also charged, then 
the particles are attracted to its surface. 
Oily particles which coat the resin par- 
ticles make them ineffective or they are 
dissipated by a high moisture condition 
over a long time. Ordinarily humidities 
do not give difficulties. Nobody has 
really succeeded in defining exactly the 
mechanism of separation. A group of 
people thought they were miniature 
electrets which are a source of bias 
voltage with practically no current, but 
investigation proved that this was not 
the case because it was found that you 
could get a charge into material by sim- 
ply impregnating it with the resin in a 
solvent such as acetone allowing it to 
dry. In fact, filters have been made by 
impregnation with the resin and after 
it is dry one folds and handles the filter 
by hand and it has a charge, which is 
effective. We have found in commer- 
cial use that the so-called wool continu- 
ous return air filter bag with blow ring 
is dependent upon charging mechanism 
because as the steel ring runs up and 
down the wool, it creates a charge. It 
worked to the filter detriment on one 
particular dust. It was found that the 
particles were charged the same as the 
bag and they were penetrating easily. 
The predicted efficiency was out of line 
with what the filter was giving on 
similarly sized dusts of other origin. 
To correct that situation the manufac- 
turer impregnated the wool with Saran 
and then it was found that the particles 
of Saran were charged opposite to the 
aerosol and the filter performance was 
considerably improved. 


wool 


* Danish patent 46750: British Patent 
384052. 
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ALUMINA ACTIVATED WITH ANHYDROUS 
HYDROGEN FLUORIDE 


A Dealkylation Catalyst for Aromatic Hydrocarbons 


LLOYD BERG, E. O. KINDSCHY t, W. S. REVEAL, and H. A. SANER 


Montana State College, Bozeman, Montana 


HE present investigation was un- 

dertaken in order to evaluate hydro- 
gen fluoride activated alumina as a de- 
alkylation catalyst for aromatic hydro- 
carbons. 

Hydrogen fluoride activated alumina 
was selected as a catalyst because hydro- 
gen fluoride has been used as a dealkyla- 
tion as well as alkylation catalyst for 
aromatic hydrocarbons. Brandt, et al 
(2) used liquid anhydrous hydrogen 
fluoride as a catalyst in the dealkylation 
of xylenes to toluene. Their investiga- 
tion showed that trimethyl benzene is 
formed concurrently by alkylation of the 
xylene. Frey (5) dealkylated polyethyl 
benzenes in the presence of an excess 
of benzene and a catalyst of anhydrous 
liquid hydrogen fluoride to iorm ethyl 
benzene. 

Alumina impregnated with aqueous 
zinc chloride was used to dealkylate 
xylenes and other polymethyl benzenes 
to toluene and also polyethyl benzenes to 
ethyl benzene (14). An alumina-silica 
catalyst was used to dealkylate dialkyl 
benzenes (9). Mattox (12) used a cata- 
lyst of alumina and other metal oxides 
in the “dealkanation” of diethyl benzene 
to xylene. 

That alkylation as well as dealkylation 
could take place might be expected from 
previous uses of hydrogen fluoride as 
an alkylating catalyst. Frey (4-5) alky- 
lated benzene using light olefins as the 
alkylating agents and substantially an- 
hydrous liquid hydrogen fluoride as the 
catalyst. Koch (8) alkylated the prod- 
ucts of Kogasin synthesis (hydrocar- 
bons from the Fischer-Tropsch process ) 
in the presence of anhydrous hydrogen 
fluoride and converted them into high- 
octane fuels similar to isooctane. Other 
investigations have reported hydrogen 
fluoride to be an alkylation catalyst (3, 
10-11, 13, 15). 

Alumina has been used as a catalyst 
in the alkylation of aromatic hydrocar- 
bons. Ipatieff and Monroe (6) used 
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aluminum oxide in the alkylation of 
benzene to toluene, and alumina with 
magnesium chloride was used to alky- 
late aromatic hydrocarbons in another 
investigation (7). 

Because of the alkylating effect of 
hydrogen fluoride and alumina when 
used separately, part of this investiga 
tion was concerned with the alkylation 
effect of the alumina when activated 
with anhydrous hydrogen fluoride. This 
investigation is primarily, however, a 
study of the dealkylation reaction. 

Data were not available in the liter- 
ature on the dealkylation effect of 
alumina alone under the reaction condi- 
tions employed in this investigation. It 
was necessary, therefore, to make sev- 
eral runs with alumina unactivated by 
hydrogen fluoride in order to obtain a 
standard of comparison for those runs 
with hydrogen fluoride treated alumina. 

This study was not concerned with 
the determination of the optimum con- 
ditions of space velocity and pressure in 
the dealkylation system, All runs were 
conducted at essentially atmospheric 
pressure and the liquid space velocity 
was held in the neighborhood of 0.5 vol. 
/(vol. of catalyst) (hr.). The optimum 
temperature at this pressure and space 
velocity, however, was readily deter- 
mined. 

As it was not feasible to attempt the 
dealkylation of all the known aromatic 
hydrocarbons, a representative group 
was Toluene, xylenes, ethyl 
benzene, diethyl benzenes, isopropyl 
benzene, monoamy! benzene, diamyl ben- 
zenes, and triamyl benzenes were chosen 
to be the dealkylated reagents. These 
compounds were all available commer- 
cially in a fairly pure state and were, 
therefore, not subjected to further 
purification. 

The boiling temperatures of com- 
pounds used or formed in this investi- 
gation were not corrected to standard 
pressure since no precise method is 
available to make this conversion. The 
average barometric pressure during this 
study was approximately 635 mm. Hg. 


selected. 
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Methods 


The equipment used in this investiga- 


tion consisted of the reaction system 


shown in Figure 1. 


To prepare the catalyst, the following 
procedure was used. The reactor, a 24-in 
length of 3-in. std. pipe was filled with 
steel ball bearings to a point about 4 in 
below the bottom thermocouple. Then 900 
ce. of Harshaw %-in. activated alumina 
pellets were placed in the reactor over the 
ball bearings. The reactor was then com- 
pletely filled with additional ball bearings 
of mixed sizes. These acted as a preheat 
section, 

The manner of catalyst activation was 
similar to that outlined by Berg, et al (1) 
The catalyst was dried at 250° C. for two 
hours after it was placed im the reactor. 
After allowing the reactor to cool, anhy- 
drous hydrogen fluoride was passed 
through ior another hour with the catalyst 
at room temperature. With the hydrogen 
fluoride still passing through, the temper 
ature was gradually increased, over a 
period of one hour, to 400° C. The catalyst 
was then purged with nitrogen gas tor 
about 15 min. to sweep out the excess hy 
drogen fluoride. During the catalyst activa 
tion, the excess hydrogen fluoride was bub 
bled through kerosene and out a blow-down 
line. 

As the catalyst was used, a deposit of 
carbonaceous material was laid down upon 
the catalyst surface, reducing its activity 
and necessitating periodic regeneration 
The catalyst was regenerated at the end of 
every third run with dealkylating materials 
such as the xylenes, toluene, or ethyl ben 
zene and at the end of every run when the 
reactant was diethyl benzene, isopropyl 
benzene, monoamy! benzene, diamyl ben- 
zene. and triamyl benzene 

Regeneration was accomplished by pass- 
ing air through the reactor while maintain 
ing the temperature below the sintering 
pot of the catalyst, about 600°C. The 
regeneration was done immediately after 
the completion of the run before the cata- 
lyst had time to cool 

The catalyst was reactivated after the 
regeneration whenever hydrogen fluoride 
was detected in appreciable amounts in 
either the products from the reactor or in 
the exhaust gases from the regeneration 
Reactivation was accomplished by cooling 
the catalyst to room temperature and treat 
ine as just described 

Separation of products from reagent was 
made by rectification and identification of 
products by boiling point, density, and re- 
fractive index determinations. 
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Results 


Xylenes. In Table 1 the conditions 
and results of the xylene runs are shown. 
Runs 1-4 were made using a meta-para 
xylene mixture as the reactor charge 
and the activated catalyst. Run 1, at 
401° C., produced neither alkylation nor 
dealkylation products of xylene. At 
440° C., run 2, the liquid product from 
the reactor contained 18.5% trimethyl 
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benzene and 12% toluene, while at 
510° C., run 3, the yield of trimethyl 
benzene decreased to 16% of the liquid 
product and the yield of toluene in- 
creased to 15% of the liquid product. In 
run 4, the temperature was increased to 
542° C. and an analysis of the products 
showed only 13% trimethyl benzene 
while the yield of toluene was increased 
to 19.1% of the product. At 542°C., 
however, an inspection of the catalyst 


TO NITROGEN OR 
COMPRESSED AiR 


GAS METER 


TABLE 1 


Dealxyletion of Xylenes and Calculated Results 


Run No. 2 
Isomer 

Catalyst 

Temp. 

Barometer pres, mm, 
Charge, cc. 

Charge, mols 

Length of run, brs. 
Lige Sp. Vel., Hr.~2 
cc. gas/ mol charge 
Dist'n charge, grams 
Dist'n pressure, om, 
Chaser 


3 


Tetra- Tetra- Tetra- 


4 6 


m&p m&p m&p 
Act'd aAct'd 


508 
645.1 
385 
2.75 3,12 
083s 1 
0.455 0.429 
360 490 
263.3 313.3 
628.0 657.4 
Agyl Ayl 


decane decane decane BenzeneBenzene Benzene decane 


Toluene 
Refractive Index 
Boiling Point, °C. 
% Liquid Product 
Conversion, » Theor. 
Ultimate yield, 

Trimthyl Benzene 
Refractive Index 
Boiling Point, °C. 
% Liquid Product 
Conversion, % Theor. 
Ultimate yield, % 


104 
12 
12.9 
35.5 


159 
18.5 
15.5 
42.0 


1.4964 1.4961 1.4968 1.4951 
103 
15 
16 
36.4 


1.5042 1.5036 1.5040 

159 
16 
15.1 
29.4 


1.4960 

103 
13.5 
14.7 
37.8 


103 103 
12 8 
12.7 8.7 
56.8 36.4 


103 
17.5 
19.1 
51.6 


160 

13 12.5 
10.9 10,09 
29.5 28.9 


1.4995 1.50359 
160 160 
10 19 
9.4 12.5 
32.8 40.1 


160 
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after the run showed that part of the 
catalyst had sintered. 

These results showed that as the tem- 
perature increased, the amounts of deal- 
kylated products also increased, while 
the amounts of alkylated products de- 
creased. Since this investigation was 
primarily concerned with the dealkyla- 
tion reaction, 500° C. was chosen as the 
optimum temperature for dealkylating 
xylenes without sintering the catalyst. 

The meta-para xylene mixture was 
partially separated into its components 
by freezing. The para-rich xylene mix- 
ture gave slightly lower yields than the 
mixture used in runs 1-4, but the yields 
of both the alkylated and the dealkylated 
products were ceunsiderably lower for 
the meta-rich xylene mixture. Run 7, 
made with orthoxylene on the activated 
catalyst, gave essentially the same yield 
of toluene, 14.7% of the liquid product, 
as the meta-para xylene mixture but 
gave a slightly higher alkylation to tri- 
methyl benzene than did the meta-para 
xylene mixture. 

At 504°C. and essentially the same 
conditions of space velocity and pres- 
sure, the unactivated catalyst was in- 
active toward either the alkylation or 
the dealkylation reaction. 

No benzene was detected in the de- 
alkylation products of any of the 
xylenes, nor was benzene detected when 
an attempt was made to dealkylate tol- 
uene itself (run 17). 

From the fact that alkylation did take 
place in these runs, it was presumed 
that part of the toluene formed was 
alkylated back to xylene, while at the 
same time, some of the trimethyl ben- 
zene formed by alkylation of xylene was 
dealkylated back to xylene. 

Traces of orthoxylene were detected 
in the products of the meta-para xylene 
runs. Whether this was due to the 
isomerization effect of the catalyst, the 
alkylation of toluene to orthoxylene, or 
the dealkylation of trimethyl benzene 
was not determined. 


Monoamyl Benzene. At 427°C.,, 
75.5% of the theoretical yield of ben- 
zene was detected in the reaction 
products. At 504° C., run 10, this con- 
version was increased to 84%. Run 11, 
duplicated the results of run 10 after 
the catalyst was burned off and reacti- 
vated. The conditions and results of 
these runs are given in Table 2. Only 
16.8% of the theoretical benzene was 
formed, however, when monoamyl ben- 
zene was passed over the unactivated 
alumina catalyst at 503° C. 

No appreciable amounts of alkylated 
products were detected in any of the 
monoamyl benzene runs, nor were any 
aromatic dealkylated products other than 
benzene found. 


Diamyl Benzene and Triamyl Ben- 
zene. Table 3 indicates the conditions 
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TABLE 2 


Dealkyletion of Monoamyl benzene and Calculated Results 


Lig. Sp. Vel, wet 
cc, gas/mol charge 
Dist'n charge, grams 
Dist 'n Pressure, mm. 
Chaser 


Benzene 
Refractive Index 
Boiling Point, °C. 
@ Liquid Product 
Conversion, % Theor. 
Ultimate yield, 


and results of the dealkylation of diamyl 
benzene and triamyl benzene. At 
498° C. with the activated catalyst, di- 
amyl benzene formed 63.3% of the 
theoretical yield of benzene, 26.4% of 
the theoretical yield of monoamyl ben- 
zene, and no unreacted diamyl benzene. 
Over the unactivated catalyst, however, 
at the same conditions of temperature, 
pressure, and liquid space velocity, the 
reaction products contained no benzene 
and 38.8% of the theoretical monoamyl- 
benzene. 

Triamyl benzene with the activated 
catalyst at 499° C. formed 39.0% of the 
theoretical benzene, 42.3% monoamyl 
benzene, 13.7% diamyl benzene, and no 


TABLE 3 


unreacted triamyl benzene remained. At 
500° C. and with the unactivated cata- 
lyst, only a trace of benzene or mono- 
amyl benzene was formed, but 41.1% of 
the theoretical yield of diamyl benzene 
was detected. 

The presence of the intermediate 
products of the dealkylation of these 
polyamyl benzenes to benzene, indicated 
that the contact time was too short for 
the dealkylation reaction to be complete. 

As in the dealkylation of monoamy! 
benzene, the polyamyl benzenes did not 
form alkylation products, nor did any 
dealkylation occur except at the benzene 
ring. 


Dealkylation of Diary] benzene and Triamyl benzenm and 
Calculated Results 


Length of Run, hrs, 
Lig. Sp. Vel., 
ce. gas/mol charge 
Dist’n charge, grams 
Dist’s pressure, az, 
Vacuum pressure, mn, 
Chaser 


Benzene 
Refractive Index 
Boiling Point, °c, 
% Liquid product 
Conversion, % Theor. 
Ultimate yield, % 

Amyl benzene 
Refractive Index 
Boiling Point, °C. 
Liquid Product 
Conversion, Theor. 
Ultimate yield, 4 

Diamyl benzene 
Refractive Index 
Boiling Point, °c. 
liquid product 
Conversion, % Theor. 
Ultimate yield, % 
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Dealkylation of Toluene, 


Compound 


Run No. 

Catalyst 

Temp. °C. 

Raromater fres., 
Charge, cc. 

Charge, mols 

Length of rum, brs. 
Liq. Sp. Vel., br. 
cc. gas/mol charge 
Dist’n charge, crams 
Dist’s pressure, =, 
Chaser 


Senzene 
Refractive index 
Boiling Point, °C. 
@ liquid product 


Conversion, % Theor. 


Ultimate Yield, | 
Ethyl Beazem 
Refractive Index 
Boiling Poiat, °C. 
& Liquid Product 


Conversion, % Theor. 


Ultimate Yield, + 
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Toluene. Table 4 gives the conditions 
and results of the dealkylation of tol- 
uene, diethyl benzene, and isopropyl 
benzene. 

The dealkylation of toluene, as men- 
tioned previously, formed no appreciable 
amount of benzene. Even though no 
alkylation products of toluene were ap- 
parent, it cannot be stated that alkyla- 
tion of toluene would not take place 
with the catalyst under the conditions 
used. Since any alkylation would de- 
pend upon a product of dealkylation for 
the alkylating reagent, and since no 
dealkylation took place, no alkylation of 
toluene could occur even though the 
catalyst was active with respect to 
alkylation. 


Diethyl Benzene. At 500° C. with the 
activated catalyst, 38.6% of the theoret- 
ical yield of ethyl benzene was formed 
by dealkylation of diethyl benzene. No 
appreciable amounts of benzene nor al- 
kylated products of diethyl benzene 
were found. The unactivated catalyst 
was inactive towards diethyl benzene at 
499° C, 


Isopropyl Benzene. Of the theoretical 
yield of benzene 86% was produced 
when isopropyl benzene was passed over 
the activated catalyst at 505°C. At 
500° C., the unactivated catalyst formed 
only 2.9% of the theoretical amount of 
benzene. In neither of these runs was 
any liquid reaction product found other 
than benzene. 


Ethyl Benzene. Ethyl benzene was 
reacted under four different stages of 


the catalyst cycle. Table 5 shows the 
conditions and results of these runs. 


TABLE 4 


Diethyl benzene, Isopropyl benzene and 
Calculeted Results 


Toluene Diethyl benzene 


Diethyl 
benzene 


-| 
at 
Run Wo. 9 10 
Catalyst ect'd act'd act'd unact'd, 
Temp. °C, 427 504 504 503 
a Barometer Pres, mm, 641.5 635.5 641.5 638.2 
ed, Charge, ec. 710 770 790 £25 
q Charge, mols 4,12 4.46 4.57 3.04 
1.50 1.75 1.67 
uh 0.526 0,489 0,527 0.500 
734 6040 $750 4460 
566.5 S747 601.1 416.8 
; 638.6 631.9 635.2 641.7 
Tetra- Tetre- Tetra- Tetre- 
Gecane decane decane decane 
1.5005 1.5009 1.5003 11,4992 
™ 74 74 
4.5 52 9.5 
75.5 87.5 16.8 
93 34 87.6 75 
| 
4 
| 
4 
| 
Run No 4 1s 16 
Compound Pieayl- Diamyl- Triamyl- Trianyl- 
benzene benzene benzene Ddenzene 
Barometer Pres., 1a, 635.5 638.2 635.5 633.2 
Charge, cc. 765 535 760 525 
1.67 1.17 1.75 1.17 benzene 
oy 0.508 0.510 0. 482 0.500 1? 18 19 20 al 
10,860 6,430 25,100 17,600 Act'a Act’a Umect'd Act’d Unact'd 
510 428.5 530.2 405.5 499 503 499 508 500 
tee 637.1 641.7 634.8 633.5 636.3 63%35 638.7 634.2 64.6 
35 85 as 38 635 apd 
benzene benzene 1.37 1.42 1. 1.58 1.17 
0.472 0,507 0,520 0.519 
170 10,900 1,550 6,460 2,280 
62.8 451.0 469.8 487.0 451.0 
Diethy+ Tetre- Tetre- Diethyl- 
1 3 bersene Gecam decane benzene 
63.3 --- 39.0 --- 
| 1.4892 1.4689 1.4892 --- -- ase 1.8005 
26.4 76.6 42.3 --- --- 86 40.8 
--- --- 1.4026 11,4824 ion 
--- --- 35.8° --- 37.0 0 ome 


TABLE 5 


Dealkylation of Ethyl benzene and Calculated Results 


Run No. 

Temp. °C 

Barommter Pres., 
Charge, ce. 

Charge, mols 

Length of run, hrs. 
Liq. Sp. Vel., 
ec. gas/mol charge 
Dist’n charge, graas 
Dist’n pressure, 
Chaser 


Benzene 
Refractive Indeg 
Boiling Point, C¢. 
% Liquid Product 
Conversion, % Theor. 
Ultimate Yield, » 
Diethyl benzene 


Refractive Index 
Boiling Point, °C. 


% Liquid Product 
Conversion, % Theor. 
Ultimate Weld, 


Run 22, made with activated catalyst, 
showed that ethyl benzene formed 17.4% 
of the theoretical benzene and 4.9% of 
the theoretical yield of diethyl benzene. 

Under the same conditions of tem- 
perature, pressure, and space velocity, 
the activated catalyst, when fouled with 
carbon, was inactive for either alkyla- 
tion or dealkylation. This is shown in 
the results of run 2. 

When the catalyst was regenerated, 
the conversion to benzene was 7.2% of 
theoretical and the conversion to diethyl 
benzene was 4.6%. This shows that the 
catalyst had part of its former activity 
restored by the regeneration, but that 
it needed reactivation with anhydrous 
hydrogen fluoride to recover its prev- 
ious activity. The unactivated alumina 
gave approximately the results as 
the fouled catalyst. 

It is important to note that for none 
fof the hydrocarbons used, was any 

liquid dealkylation product detected 
} other than those resulting from cleavage 
) at the benzene ring. 


same 


Conclusions 


Benzene was found to be the ultimate 
tdealkylation product of every aromatic 
thydrocarbon containing more 
Fcarbon atoms in every branch chain, 
Swhile toluene was the ultimate dealkyla- 
Ftion product of any aromatic hydrocar- 

bon containing only one carbon atom in 
any of its branch chains. Data obtained 
showed that with increased temperature, 
other conditions being equal, dealkyla- 
tion increased and alkylation decreased. 
All aromatic dealkylation products were 
the results of carbon-carbon fission at 


the benzene ring. 
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Discussion 


Norris Shreve (Purdue University, 
Lafayette, Ind.) : With all the work we 
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have been doing on alkylation the last 
few decades it is quite interesting to 
have Professor Berg go back and study 
the reverse reaction of dealkylation. 
Did you cite the influence of water on 
hydrogen fluoride activation of the 
alumina catalyst? Also, what observa- 
tions were you able to make on the 
mechanism of the activation of the cata- 
iyst on hydrogen fluoride ? 

Lloyd Berg: First, with respect to 
water, it is well known that in an analo- 
gous alkylation or dealkylation using 
aluminum fluoride, a trace of water must 
be present, and the purpose of that is to 
give at least a trace of hydrogen chlor- 
ide. In this case we have made no at- 
tempt to be 100 per cent anhydrous. On 
the other hand, we have kept water away 
as much as possible. We haven't inves- 
tigated the effect of small amounts of 
water. We do know that if we drown 
the catalyst with water it will ruin its 
activity. 

On the mechanism of activation—we 
have no proof of the mechanism; we can 
only guess. Our guess is that the hydro- 
gen fluoride is adsorbed onto the cata- 
lyst. We have no evidence that alumi- 
num fluoride is formed. On the other 
hand, it is perhaps a little difficult to vis- 
ualize hydrogen fluoride holding on to 
alumina to 400° C. which is what that 
mechanism would imply. However, that 
is what we believe to be the mechanism. 
The only evidence for that is that the 
catalyst can be removed and the acid 
can be titrated with standard base and 
it titrates as if hydrogen fluoride were 
presem. 

Carl S. Carlson (Standard Oil De- 
velopment Co., Elizabeth, N. J.): I no- 
tice in your curve for toluene at 500° C. 
the distillation of the liquid product 
showed virtually no decomposition. Was 
there any evidence of gas formation or 
carbon formation on the catalyst, indi- 
cating that there is some complete de- 
struction of toluene rather than deal- 
kylation ? 

Lloyd Berg: No, there was no gas 
formation with toluene at the 500° C. 
level and there was no indication that 
the catalyst was being carboned with 
that feed stock. 

R. A. Schulze (Du Pont Co., Inc., 
Wilmington, Del.): In your work on 
the dealkylation of ethylbenzene, when 
you made the diethylbenzene, did you 
analyze the diethyl to see if it was mixed 
isomers or whether it was predomi- 
nantly one of the other three possible 
combinations ? 

Lloyd Berg: We would conclude it 
was mixed isomers because the material 
had a boiling range rather than a boiling 
point. 

(Presented at Forty-third Annual 
Meeting, Columbus. Ohio.) 
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KINETICS OF 
OF PHOSGENE 


THE CATALYTIC FORMATION 


CHARLES POTTER and SEYMOUR BARON + 


Columbia University, New York, New York 


The kinetics of the catalytic formation of phosgene from carbon mon- 
oxide and chlorine with activated carbon was studied in a flow system 
by means of the differential bed technique. An analytical method was 
developed to measure small changes in composition of carbon monoxide, 
chlorine, and phosgene mixtures. 


Measurement of the reaction rate in the temperature range from 31 to 
99° C. showed that surface reaction between adsorbed chlorine and 
carbon monoxide was the controlling mechanism. The rate may be 
expressed as: 


r(g.moles phosgene /(g.catalyst) /(hr.) = 


( 2.500 6.34 
e 


8,040 
— 7.32 — - 26.05 
) C4 ) 


Pe 
Mass-transfer resistance was negligible compared to the surface reaction 
resistance. Chlorine and phosgene adsorption coefficients were large 
relative to those for CO and Nz, and indicate that Cl. and COCI. were 
physically adsorbed. 


2,500 


r 


Pere +e 


Introduction of nitrogen into the reaction mixture increased the adsorp- 
tion coefficient (as defined by the Langmuir isotherm) of chlorine and 
phosgene. The effective enthalpy of adsorption of chlorine and phos- 
gene, however, remained unchanged. The reaction rate with nitrogen 
present for the temperature range from 31 to 64° C. may be expressed as: 


2,500 
- ( alae 6.94 
e Poof cis 


No adsorption constant for nitrogen could be determined over the range 
of compositions investigated. 


The product of the reaction rate constant and the equilibrium adsorption 
constant for carbon monoxide was independent of the nitrogen present. 


HOSGENE is an important inter- 
mediate in the chemical industry. Its 
reactions with primary alcohols yield 


urethanes which were used in the treat- 
ment of leukemia and cancer; and with 
substituted aniline derivatives it reacts 
to form ketones which are intermediates 
in the dye industry. Phosgene is pro- 
duced commercially by the method of 
Paterno (217) which consists of passing 
a mixture of carbon monoxide and 
chlorine over pellets of animal carbon. 


chlorocarbonates and dicarbonates which 
are used as flotation reagents and solv- 
ents; with ammonia it reacts to form 


t Present address: Burns and Roe, Inc., 
233 Broadway, New York, N. Y. 
Complete version of Table 5 will be re- 


produced by the University Microfilm, Ann 
Arbor, Mich. 
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The industrial reactors are usually 
lead-lined and packed with bone black 
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or activated carbon. Since the reaction 
is highly exothermic (25,500 cal./g. 
moles at 298° K.) (13), the reactor is 
cooled either by passing cold water film- 
wise over the outside of the reactor (27) 
tubes or by passing a_ refrigerant 
through tubes built into the reactor 
(14). The absence of oxygen is essen- 
tial since it retards the rate of formation 
of phosgene and it reacts with carbon 
monoxide to form carbon dioxide (2). 
It is essential also that hydrogen be 
absent since carbon can catalyze the 
reaction of hydrogen and chlorine to 
form hydrogen chloride, especially at 
temperatures above 90°C. (7). Com- 
mercial reactors are normally operated 
at a maximum temperature of 125° C. 
(14). 

Kinetic data available in the literature 
were derived from experiments on the 
thermal and photochemical reaction of 
chlorine and carbon monoxide (3, 7, 10, 
24). Information on the heterogeneous 
reaction is limited to discussions of the 
methods of preparing highly active cata- 
lysts (7), a patent to produce phosgene 
by bubbling carbon monoxide through 
liquid chlorine (28), a patent to run the 
catalytic reactor under pressure (5), and 
flow sheets on the industrial process with 
operating conditions and material bal- 
ances (14, 23) 


Theory 


The following steps are pictured to 
occur in a heterogeneous gas-solid re- 
action system (11). 

1. There is a mass transfer of reac- 
tants and products to and from the gross 
exterior of the catalyst particles and the 
main body of the fluid. If the rate of 
reaction is dependent upon the mass 
velocity, this step is considered con- 
trolling and may be expressed by: 


= — Pas) 
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where &, can be determined from the 
following (6, 29): 


\ 


G 


om | 
(2) 


2. There is a diffusional and flow 
transfer of the reactants and products 
in and out of the pore structure of the 
catalyst particles when reaction takes 
place at the interior interface. The rate 
is then dependent upon the catalyst 
structure and dimensions. By using an 
industrially available catalyst for the 
production of phosgene (grade SXW, 
6-8 mesh, Columbia activated carbon), 
this effect is tied in with the reaction 
rate constant. 

3. There is an adsorption of reactants 
and desorption of products at the inter- 
face. Adsorption results are reported 
usually in the form of the Langmuir 
isotherm (17). 


(3) 


4. The surface reaction of adsorbed 
reactants to form chemically adsorbed 
products. 


Since the reaction rates vary over a 
wide range it is improbable that the 
rate of any two steps will be of equal 
order of magnitude in any system. For 
this reason it is permissible to consider 
only the slowest single step and assume 
that equilibrium is maintained in the 
other steps. If the reaction rate is inde- 
pendent of the mass velocity, it is 
possible to combine the equations for 
adsorption and surface reaction and de- 
rive an equation which depends upon 
the assumed slow step as the rate-con- 
trolling mechanism. Hougen and Wat- 
son (12) have listed several equations 
which are derived depending on whether 
reaction occurs through adsorbed mole- 
cules, adsorbed atoms, or a combination 
of the two. 
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Method of analysis. 


Method of Analysis. Methods of analyz- 
ing small concentrations of chlorine in 
phosgene (19) and small concentrations of 
phosgene in air (20), were investigated and 
adapted to apply to all concentrations of 
chlorine and phosgene desired. These 
methods consisted of an antimony adsorber 
which reacted with chlorine, an aniline ab- 
sorber that reacted with phosgene, and a 
combustion furnace which converted the 
carbon monoxide to carbon dioxide. These 
methods were incorporated into a chain 
analyzer in which three adsorbers and one 
absorber each selectively remove the various 
components of the gaseous mixture. Figure 
1 illustrates the analysis train. 

Air, bubbled at a rate of 5 cc./min. 
through concentrated sulfuric acid, was 
dried and passed into the gas-sampling bulb 
containing the gaseous mixture of chlorine, 
phosgene, carbon monoxide, and nitrogen. 
The mixture was swept out of the bulb with 
the air into an antimony adsorber where the 
chlorine was removed according to the fol- 
lowing reaction: 3Cly-+ 2Sb— 2SbCl. The 
antimony adsorber is prepared by intimately 
mixing antimony powder with short-fibered 
acid-washed asbestos and placing this mix- 
ture in the adsorber between two layers of 
glass wool. The gas then passed into the 
absorber containing a saturated water solu- 
tion of aniline where the phosgene reacts to 
form diphenylurea, aniline hydrochloride, 
and carbon dioxide, according to the follow- 
ing reaction: COCI,+ = (Ce 
H;NH)sCO + 2C.H;NH;Cl. The stock so- 
lution for this absorption was prepared by 
mixing excess aniline with water (solubil- 
ity: 35.4 g./l. at 25°C.) (22), filtering off 
the excess aniline oil, and then saturating 
the aniline saturated water with carbon 
monoxide (solubility: 4 g./100 cc. at 25° 
C.) (22). This was then stored in a brown 
bottle 

The carbon dioxide that formed in the 
aniline absorber due to partial hydrolysis of 
phosgene and that present in the air was 
removed by passing the gas mixture 
through a Ul’-tube containing Ascarite in 
the center portion and Drierite at both 
ends. The U-tube also removed the water 
present in the gas stream after leaving the 
aniline solution. The gas mixture then en- 
tered a tube packed with copper oxide wire 
maintained at a temperature of 300° C. 
where the traces of hydrogen (present in 
the carbon monoxide gas) and carbon mon- 
oxide were converted to water and carbon 
dioxide respectively. These gases were 
adsorbed from the air stream by Drierite 
and Ascarite bulbs in order to insure a 
complete removal of all the gases from the 
bulb. Each run took 4% hr. for a 236-cc. 
gas sample. 

The antimony, Drierite, and Ascarite 
bulbs were weighed before and after each 
run to determine the chlorine, hydrogen, 
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and carbon monoxide present. The contents 
of the aniline absorber were placed in a 
beaker with two water washings from the 
absorber and titrated with standardized 
sodium hydroxide solution (approx. 0.3N ) 
using phenolphthalein indicator. Knowing 
the gas-sampling bulb volume, gas temper- 
ature, atmospheric pressure, and compressi- 
bility factor (approx. 1.0), the composition 
of the components was calculated. The 
nitrogen present in the samples was deter- 
mined by difference from 100%. 


Preliminary Observations 


In order to determine kinetic data for 
the reaction of carbon monoxide and 
chlorine on activated carbon, it was 
necessary to make preliminary runs to 
determine the best procedure for run- 
ning the reactor. While investigating 
the best procedure, observations were 
made on the order of admitting the 
gases, photochemical effects of the re- 
action, and a qualitative measure of the 
adsorption strengths of the gases based 
on tests made on the catalyst. 

1. When carbon monoxide and chlor- 
ine, only, were passed over 1 g. of 
activated carbon, a violent reaction took 
place with a temperature rise of 157° C. 
within the catalyst bed, even when the 
reactor wall was cooled to 14° C. How- 
ever, if chlorine or phosgene were ad- 
mitted first and allowed to be adsorbed 
by the activated carbon, and then fol- 
lowed by the carbon monoxide and 
chlorine mixture, the rise in bed tem- 
perature was only 2 to 3° C. above the 
cooling water temperature. The latter 
condition is experimentally desirable 
since the reactor temperature can be 
controlled, and thus the reaction rate 
will be determined under approximately 
isothermal conditions. 

2. It was observed that in the pres 
ence of daylight the analyzed composi- 
tion of the gaseous mixture did not 
check the composition predicted from 
the flow rates of the pure gases which 
were mixed and analyzed. Since the 
analyzed composition of carbon mon- 
oxide and chlorine were less than the 
predicted value and the phosgene com- 
position greater, it was apparent that 
photosynthesis was taking place. There- 
fore, to prevent any possibility of light 
entering the bulbs, a coat of paint was 
applied on the outside of the bulbs. In 
addition, the window shade was drawn 
and the lights turned off in the room 
during a run. Under these conditions, 
no photochemical effects were observed. 

3. Upon the completion of one of the 
runs, air was flushed through the re- 
actor for 5 min. and the activated carbon 
pellets were removed. Pellets placed in 
the aniline solution gave no precipitate 
of diphenylurea indicating no phosgene 
present whereas the peilets placed in a 
silver nitrate solution gave a white pre- 
cipitate indicating that chlorine was still 
slightly adsorbed. On the other hand if 
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. carbon monoxide was passed into the 
reactor for 5 min. after the completion 
of a run and then the pellets were re- 
moved, placed in the aniline solution it 
gave a precipitate of diphenylurea indi- 
cating the presence of phosgene. These 
results qualitatively indicate that chlor- 
ine more highly adsorbed than 
phosgene. 


is 


Experimental Apparatus and Procedure. 
In order to facilitate the description of the 
procedure the apparatus (Fig. 2) is consid- 
ered in operation 

The carbon monoxide gas was purified by 
passing it through a concentrated sodium 
hydroxide solution to remove traces of 
carbon dioxide; and then bubbling it 
through an absorber to remove oxygen. The 
oxygen scrubbing solution was prepared by 
mixing a solution containing 50 g. of sodium 
hydrosulfite in 250 cc. of water with a solu- 
tion containing 30 g. of sodium hydroxide 
in 40 cc. of water and adding to it 2 g. of 
sodium anthraquinone beta sulphonate (8, 
9). The gas was finally dried by bubbling 
it through concentrated sulfuric acid. Its 
flow rate was measured by a capillary ori- 
fice meter using mineral oil as a manometer 
fluid 

Nitrogen was used to determine the effect 
of inerts upon the reaction. It was purified 
by bubbling it through an oxygen absorber 
and a water absorber similar to those used 
for the carbon monoxide. The nitrogen 
flow rate was measured by a capillary ori- 
fice meter using mineral oil as the man- 
ometer fluid. The chlorine and phosgene 
gases were available at a high degree of 
purity (99.5%) and only packed sections 
were included to remove any solid particles 
The capillary orifice meters for the chlorine 
and phosgene contained concentrated sul- 
furic acid as the manometer fluid. All the 
equipment was constructed of Pyrex glass 
and the orifices were calibrated by liquid 
displacement. 

The gas lines then entered a manifold 
containing a gas-sampling bulb, and from 
there, they entered the top of the reactor, 
and passed down through the catalyst bed, 
leaving via a second gas-sampling bulb. The 
reactor was constructed of 20-mm. Pyrex 
glass tubing held in a vertical position and 
surrounded by a 30-mm. glass jacket. Ther- 
mocouple wells with copper-constantan 
thermocouples were placed at the gas inlet, 
and outlet, at the inlet and outlet of the 
glass jacket, and through the center of the 
catalyst bed. The jacket temperature was 
regulated by means of water which was 
circulated from a constant temperature 
bath. 

Water, at the desired temperature, was 
circulated through the jacket. Chlorine and 
phosgene were admitted first and continued 
in this manner until the bed had cooled 
down to the jacket temperature. Due to 
the heat of adsorption of the gases, there 
was at first, a 10-15° C. temperature rise. 
Runs made with nitrogen also had the 
nitrogen entering with the chlorine and 
phosgene. When steady conditions were at- 
tained, the carbon monoxide was admitted. 
As the carbon monoxide was admitted with 
the other gases the bed temperature slowly 
rose and in about 6 to 7 min. reached steady 
state. The run was continued for at least 
10 min. at constant temperature. 

After the flow rates and temperatures 
had been recorded, the run was shut down 
by first closing the exit stopcock of the 
outlet sampling bulb. The gases were al- 
lowed to flow with the outlet closed for 
about 3 to 4 sec. to permit the sampling 


Vol. 47, No. 9 


bulbs to be under slight pressure. All the 
stopcocks on the gas-sampling bulbs were 
then closed; followed by the closing of 
the gas cylinder valves. The inlet and 
outlet bulbs were disconnected and allowed 
to rest next to a thermometer for about 
10 min. to allow them to come to room tem- 
perature. The pressure in the gas bulbs 
was released and the barometric pressure 


recorded. The gas samples were then 
analyzed by the procedure described in the 
previous section. Since a conversion of less 
than 10% was desired to keep the temper- 
ature change small and a conversion greater 
than 4% was desired to obtain analytical 
accuracy, it was found that 7 g. of catalyst 
was necessary at 31° C. and 2 g. or less at 
the higher temperatures 


Sample Calculation 


The following sample calculation shows how the reaction rate was determined from 


the data, using the data from Run B-10. 


Reaction rate g.moles/g.hr. 


flow rate (g 


hr.) /(mass of catalyst) (g.) [change in 


g. moles of a component/g. of mixture | 


: 236 ce. 
CO = 00304 
Ch = 00315 

= .00327 g 


Na 


Inlet Gas 


moles 
moles 
moles 


» 


00009 


moles 
Mole Fraction 


00304 


OO315 
00327 
00009 


(inerts difference ) 


The weight fraction for the inlet gas: 


00304 
00315 
(0327 
00009 
00005 


moles 28 

. moles X 70.91 
moles K 98.91 
moles x 2 


Inert moles 28 


By similar procedure the outlet is: 


co 
coc, 
H; . 
Inert 


The flow rate is: 
CO = 104 


Cle = 103 
— 106 


ce./min. 0014 


The reaction rate then: 
a Based on CoO 


b. Based on Ch = 


22,400 x - 


x 


g. 


£ 
£ 


cc 
x 00288 “ 
00402 


c. Based on COC], — 50.4 


Compressibility factor under atmospheric pressure and 
room temperature is 1.0; therefore, at 25° ¢ 
in. Hg., molal volume — 


and 29.9] 


273 20.91 


= 24,600 cc./g.mole 


Wt. Fractior 


1340 
3530 
5100 
0003 
0022 


O851 
2235 2 
3238 

0002 « 
0014 


moles 
g.moles 
g.moles = 
‘g.moles 
./g.moles 


6340 


Mole Fraction Wt. Fraction 


303 
312 
371 
011 
003 


< min./hr. = 7.12 g./hr 
25.50 


50.42 g./hr 


134 
28 
353 — .328 
70.91 


» 544— 510 


126 _ 0144 g.mole/br 


0177 g.mole/hr 


2 0173 g.mole/hr 


98.91 


Since the weight fraction changes for Cl, and COC], is greater, the reaction rates based on 
these components are more reliable than for carbon monoxide and so the rates are averaged 


in the following manner. 


x 
r(avg.) = 


(28)? + .0177 (70.91 )* .0173(98 
(28)? + (70.91)* + (98.91)° 


00241 g.mole/(hr.) (g. of catalyst) 


The above method of averaging is based on statistical consideration where the accuracy 
of analysis of the various components is assumed the same. 
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4 
tas 
+ 
24,600 
CO = = 317 
236 
Ci, = x 328 
coc, = 341 
ats H= » 009 
N: = 005 
‘ 
Cl, = | 
coch 
H, | 
1260 
3280 
& 5440 
0003 
bakes 0011 : 
702 
OF 


SCRUBBER 
b-O2 SCRUBBER 
C-HeO SCRUBBER 


| - CONST TEMP BATH 

-KNIFE HEATER 

k -FENWAL REGULATOR 
PUMP 


d- TRAP 

@-ORIFICE METER 
f-GasS BULB 
Q-THERMOCOUPLE WELLS 
4 h- REACTOR 


Fig. 2. Experimental flow sheet. 


Analysis of the data indicates that the 
hased on the carbon mon- 
reliable than the 
rates calculated based upon the chlorine 


The method of 


reaction rate 
oxide change is less 
and phosgene change. 
averaging as indicated tends to weigh 
the average rate towards the more con- 
sistent chlorine and phosgene rates by 


the square of the molecular weights 


] Activity 
pSary to investigate the life of the acti- 


pyated this 


Discussion of Results 


Catalyst It was unneces 


carbon in reaction as the 


Gar _ (15° C. 1 ata.) 


COCl, 


information obtained from one of its 
industrial users (U.S. Industrial Chem 
ical Co.) for phosgene production 
four months of contin 


However, it 


claims a life of 
uous production. was im 
portant that the catalyst reactivity re 
main constant during the runs in order 
that the results be interpreted. During 
the course of the investigation it was 


shown that 


The catalyst reactivity remained con 
stant during the time that the runs 
were carried out 

Different quantities of catalyst had the 


same reactivity 


n (ec of activated Carbon 


Table 2 


ite x > 


moles/hr « g. catalyst 
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Initially (first run with fresh 
lyst), the catalyst had a 20% 
reactivity than subsequent runs 


cata 
higher 


2. Steady State. Determination of the 


rate at 10 min. and after 25 


tin. Of continuous Operation 


reaction 
at constant 
temperature and inlet gas composition 
yielded the same results. This test was 
made at 94° C 
oxide and chlorine entering. As a re 
sult, it that 


lower temperature with phosgene 


with only carbon mon 


may be assumed runs at 
y in the 
gas entering would reach steady stat 
more quickly and 10 min. was considered 
minimum 


itistactory as a time 


steady state for each run 


3. Effect of Water 
Runs made with 


m Reaction Rat 
water vapor entering 
the reactor indicated that water may not 
it first: but 
it does affect the reaction by hydrolyzing 
the chlorine and phosgene , 
ifter 


affect the catalyst reactivity 


Passing dry 


mixture in water vapor had 


into the reactor, showed 


was 
been admitted 
that the reaction rate though low at first 
continually a value almost 
the same as though no water vapor had 
been admitted 


increased to 


4. Effect of Hydrogen. Since the cat 
bon monoxide gas contained 1.59 hy 
drogen, it was necessary to determine 
the posstbility of 
with 


hydrogen reacting 
\dmitting an approxi 
mately equal molar mixture of chlorine 


chlorine 


and hydrogen over the carbon catalyst 
at the highest experimental temperature, 
64.5° C. indicated ne 
I-13). 


reaction (Run 


5. Effect of Mass Transfer. lf mass 
transfer of the gases ts the controlling 
the 
the mass ve 


mechanism of reaction, then reac- 


tron rate ts a tunction of 
locity of the gases entering the reactor 
\t the four temperatures investigated 
determined by 


varying the mass velocity but keeping 


the reaction rate was 
und yas com 


As the 


the temperature, pressure 
position approximately constant 
Table 2 the 


resistance 


results in indicate, 


transfer can be considered 
negligible. 

The slight variations in the reaction 
attributed to 
a small variation in experimental condi 


tions and the accuracy of the method of 


rate for each set can be 


analysts. 

Generally, it may be anticipated that 
the surface reaction rate constant as 
well as the mass-transfer resistance will 
Under such 
conditions, as the surface rate increases 
it may than the mass 
transfer rate per unit of driving force 
and so the mass-transier step will be 


It is possible to extra 


increase with temperature 


become larger 


come controlling 
polate to a higher ten perature the rate 
constant and adsorption constants which 
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20 
= 
Well 
| | | ° 
| M- RUBBER TUBING Wid 
i 
PE 
= 
a 
a 
— ule 
Bun Mole Fraction Rate avg. Temp. 
Bel2 .333 36? 33.5 32.00 
Call 2373 2213 75.2 42.50 8.76 
380 +210 The? 52.00 15,80 
Be 2 392 23h 63.50 26.10 


were determined in the following section 
the 
function 


assuming surface reaction as 
was 
determined from the data and assuming 


con 
trolling mechanism. 


it holds at the higher temperatures the 
values for the surface the 
hew temperatures were determined. The 
rates predicted the extrapolated 
values were compared with the actual 
experimental rates and checked within 
4.5% at 82°C. for Run E-15 and 7.06 
it 99° C. for Run E-16 

\ mass-transfer coefficient was calcu 
lated through the use of the Wilke cor 
relation (29) on the basis of equimolal 
concentrations of CO and Cl, entering 
the reactor at 64° C. for smooth surface 
pellets (13.04 sq.ft. /Ib ipr 6-8 mesh). 
Since the reaction will go to completion 


reaction at 


from 


under these conditions the driving force 
based on complete conversion to phos- 
gene was calculated. This calculated rate 
was compared with that predicted from 
expermental rate constants. The com 
parison showed that the calculated mass 
transfer rate was twelve times greater 
than the measured rate. Since activated 
carbon is very porous (68 x 10° sq.ft. 
Ib. for Columbia activated carbon) the 
calculated mass-transfer rate may be as 
much as 6.6 X 10° times 
that of the measured rate. 


greater than 

Results indicate that the mass-transfer 
resistance is a factor of a different orde1 
of magnitude from the surface-reaction 
and permit the assumption 
that the measured temperature and the 


resistance, 


true reaction temperature are almost the 
samy 
to the 


ita high mass-transfer rate due 
low heat-transfer resistance 
6. Determination of Reaction Mechan 


ism. Since mass transfer from the eas 
the not 
controlling and since diffusion through 


the catalyst pores is a characteristic of 


stream to catalyst surface is 


the catalyst dimensions and the system. 
it leaves for consideration the third and 
fourth steps of adsorption and surface 
reaction respectively. 
combine the 
and surface reaction and dey elop several 
equations 


It is possible to 
equations for adsorption 
based on a particular 


(J2). The 


mechanisms ot reaction were assumed : 


rate 


controlling step following 


Reaction between 
sorbed CO and Cl, 
Reaction between atomically adsorbed 
Cl, and CO 

Reaction between molecularly ad 
sorbed Cl. and CO in the gas stream 
Reaction between atomically adsorbed 
Cl, and CO in the gas stream 
Reaction between Ch in 
stream and adsorbed CO 


molec ularly ad 


the 


fas 


For each of the above mechanisms of 
reaction, an equation was developed 
based on whether adsorption of reac 
tants, desorption of products, or surface 
reaction were assumed to control. De 
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Table 3 


Re a+ 


1/2 1/2 


ci, * 


) 


in, kor, 


2.10 ° 


1.67 


Pith Nit 

Re 


1.32 


Re 1.63 


2.70 1.58 
2.0 
1.b2 


1.17 


ARITHMETIC AVERAGE: 4.79 


ARITHMETIC AVERAGE: 5,08 


The last two colums emtain the arithmetic average deviation of th 
R and r values as measured with those caleulated from the derived 


constants for the above equation, 


termming the best involves 
statistically fitting the data of a 
runs at an 


equation by the method of least squares 


equation 
set ot 


constant temperature with 


The equations best fitting the data wer 


surtace-reaction controlling for either 


atomically or molecularly adsorbed 
with 


In neither of these equations was 


chlorine adsorbed carbon mon- 
oxide, 
it possible to determine adsorption 
values for carbon monoxide or nitrogen 
(tor runs nitrogen 
their values are small compared with 


(Se 


made with since 
those of chlorine and phosgene 
Table 1). 

Although the data fit the mechanism 
for surface-reaction controlling between 
adsorbed carbon monoxide and atomic 
chlorine, this 


based on the following arguments : 


mechanism was rejected 


1. In order for atomic chlorine to exist 
in the reaction, it must be chemisorbed on 
the activated carbon catalyst and thus bx 
difficult to remove. Yet runs made with 
mitrogen present as an imert in the gas 
stream (Sec. 7) appreciably affected the 
equilibrium adsorption constant for chlorin 
(Fig. 3). 

2. It has been pointed out that chemi 
sorption was only significant at tempera 
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tures higher than the 
of the adsorbed gas (. 


critical temperature 
5) and the critical 
temperature of chlorine is 144° ( 
3. Preliminary observations made whik 
flushing air through the reactor indicated 
that chlorine and phosgene were carried out 
along with the air 

4. Deviations of the reaction 
rate with the rates calculated from the ck 
rived equations were higher for the atomix 
mechanism. The arithmetic deviation for + 
was +6.1% for the atomic chlorine adsorp 
tion and +4.7% for the molecular chlorine 
adsorption mechanism 


measured 


5. Since phosgene has been produced by 
simply bubbling gaseous CO through liquid 
chlorine (28), this mechanism would be 
comparable to the reaction mechanism of 
the physical adsorption of chlorine 


Tables 3 and 4 contain the equilibrium 
adsorption values and the effective en 
thalpies and entropies of chlorine and 
phosgene calculated from the equation 
derived 


tor surtace-reaction controlling 


chlorine and carbon 
the 


between adsorbed 


monoxide. Since equilibrium ad 


sorption constant carbon monoxide 
was too small to determine, it was com 
bined with the reaction rate constant 
\s the equation in Table 3 indicates, it 


is possible to calculate the values of 


Hitrogen Present 


Corr, 
E uation Dev. Dew 
L2.7 Re 2,8 5.6 
1.72 007 1.6 3.2 
= a 2.23 0.96 ?.9 5.8 
64.0 
Ge 
| 
7 
= 1. 
4 
5. 
Without Mitragen Present 
Mitr. 
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3 


3.10 


R=>=a+ bpeia dpooms 


(PeoPerg/r) *= 


(1, kKooK ag) (1+ Ke + 


Fig. 3. A plot of adsorption rate constants versus the reciprocal of the absolute 
temperature 


Keoc, and kKeo from the deter- 
mined values of a, b, and d. The effec- 
tive enthalpy and entropy of adsorption 
was calculated from the relationship: 


log K = —AH,/2.303RT + AS,/2.303R 


Results listed in Table 4 are revealing. 
First, the enthalpy of adsorption of 
chlorine is —4,970 cal./g.mole which is 
the same order of magnitude as the heat 
of condensation of chlorine (4,000 cal./ 
g-mole). This result further substan- 
ptiates that chlorine is molecularly ad- 
psorbed by a condensation mechanism. 
Second, the effective enthalpy of adsorp- 
ption of chlorine and phosgene are only 
tslightly changed by the introduction of 
Pnitrogen into the reactor. Third, the 
jentropy of adsorption of chlorine and 
»phosgene in the presence of nitrogen is 
Sgreater than without nitrogen. This 
Pwould be anticipated since the introduc- 
tion of nitrogen will give a more random 
arrangement of adsorbed gases. Fourth, 
neither the sum of the enthalpies nor 
the entropies of the reaction rate con- 
stant and the equilibrium adsorption 
constant of carbon monoxide is affected 
by nitrogen. 


7. Effect of Nitrogen on Reaction 
Rate. Since the carbon monoxide used 
for reacting with chlorine can be pro- 
duced by the incomplete oxidation of 
carbon with air, it was desirable to de- 
termine the effect that nitrogen will have 
upon the reaction rate. In view of the 
fact that a decreased equilibrium partial 


Page 478 


pressure is caused by the addition of an 
inert gas, a reduced reaction rate can be 
anticipated. The manner in which the 
reaction rate decreased was found to be 
more complicated, however, than ex- 
pected from a simple analysis. Experi- 
mentally, the mole fraction of nitrogen 
was varied from 0.45 to 0.61 mole frac- 
tion in order to duplicate its composition 
in an industrial reactor. 

The fact that no adsorption value 
appeared for nitrogen in Table 3 can be 
explained in the same way as for carbon 
monoxide. Nitrogen at the experimental 
temperatures is slightly adsorbed on 
activated carbon as shown in Table 1. 
In addition, the range of mole fraction 
of nitrogen is from 0.45 to 0.61 mole 
fraction so that for a small nitrogen 
adsorption constant compared to the 
chlorine and phosgene adsorption con- 
stants there would be no detectable rate 
change. However, the results indicated 
there was a definite increase in adsorp- 
tion constant for chlorine and for phos- 
gene with nitrogen present over those 
without nitrogen present. (Table 3 or 
Fig. 3.) 

The increased values of the adsorp- 
tion constants present a result apparently 
contradictory to the conditions for the 
derivation of the Langmuir equation. 
The Langmuir derivation is based on a 
monomolecular layer whereby the quan- 
ity adsorbed is equivalent to the frac- 
tion of the surface covered by the ad- 
sorbed gas. Therefore, the introduction 
of another gas would reduce the frac- 
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tion of the surface covered by the orig- 
inal gas and so the quantity adsorbed 
would be reduced. However, Lambert 
and Peel (75) found for a static system 
that the adsorptive power of silica gel 
for oxygen is, in the presence of nitro- 
gen, actually greater (up to 15%) than 
when oxygen alone is present. Brunauer 
(4) believed that this was due to 
greater Van der Waal forces between 
adsorbed O, with N, than between 
adsorbed O, with O, molecules. Lam- 
bert and Heaven (16) studying the ad- 
sorption of a 50-50 mixture of oxygen 
and argon in a static system on silica 
gel at 0° C. found that the adsorption 
values depended upon the manner that 
the gaseous mixture was admitted into 
the reactor. They reasoned that two- 
layer adsorption occurred so that the 
gas admitted first was more highly 
adsorbed. This result is similar to the 
results of the preliminary runs where it 
was noted that the reaction rate was 
decreased by admitting the chlorine first 
instead of the mixture of carbon mon- 
oxide and chlorine. However, it is also 
possible to explain the results in light 
of Brunauer’s explanation in that the 
Van der Waal forces between adsorbed 
N. with Cl, and adsorbed N, with 
COCI, are greater than the forces be- 
tween the chlorine molecules and phos- 
gene molecules. The derived equation 
shows that the decreased rate is ac- 
counted for by the increased adsorption 
values of chlorine and phosgene. 

It is interesting to note that the value 
of kKeo was unchanged by the intro- 
duction of nitrogen. From theoretical 
considerations, it can be anticipated that 
the reaction rate constant (k) is inde- 
pendent of the nitrogen composition, 
then apparently the carbon monoxide is 
chemisorbed, otherwise the adsorption 
constant would be affected. Since car- 
bon monoxide has a critical temperature 
of —139°C. and since reaction data 
start at 30.6°C., it was reasonable to 
assume chemisorption. 


Notation 


= constant 
product of rate and equili- 
brium adsorption constants 


concentration of adsorbed 
gas, g.moles/g. mass of 
catalyst 
molal concentration of vacant 
active centers on the cata- 
lyst/g. mass of catalyst 
= weighted mean diffusivity, 
sq.ft./hr. 
equivalent diameter of 
catalyst packing, ft. 
= base of the natural logarithm, 
2.718+ 
mass velocity of the gas 
stream, Ib./(hr.) (sq.ft.) 


the 
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Table 5 
Sample Results and Date 


Arithmetic 
Av. Composition 
Mole Fraction rx 10? Flow Rate* Av. Temp. t4t 


CO Cle COCl, moles *c exp. calc. 
Be catalyst/nr. 


Cataly. Coolg. Adsorption 


BER 


BK 
bee 


S685 
RSS 
rat 


888s 


200 
70,00 


* Multiplying the flow rate by 0.869 converts it to units of pounds per hour per square foot of unpacked cross-eectiona! area, 
* He substituted for CO in these runs, 


Reaction Bar. Room Inlet Bulb Outlet Bulb 
Tine Pres. Temp. Vol. 3, Moles Moles ec, /min. 
in. Hg COxl0? C9C1,x10? 8 COx107 Cl,xl0® COClgxl0? CO Cl, COC], 


30.42 
30.12 
29.91 
30.20 
29.82 
29.68 
29.28 


ON 


SS 
TA 


* Hg substituted for CO in these runs, 
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Bed Temp. 
Run Top Bottom 
Be 8 106 .226 000 $0.5 3.75 S83 3265 7.02 1? 
B= 9 2363 .000 75.8 31.50 2.00 5.72 5.93 29.5 33.5 7.02 26,0 10 
BelO .310 2320 .356 .000 9.0 30.00 6.bh 6.1h 29.5 30.5 7,02 26.0 15 
a Rel2 .287 .333 .376 .000 2.45 33.5 31.00 2H 6.32 6.28 3.5 31.5 7,02 27.0 15 
Ae Bel3 .253 .218 .522 .000 1.57 3601 31.50 250 6.07 6.10 31.0 32.0 7,02 29 16 
B=16 .610 113 .231 .000 3.90 30.50 1.00 2.5 31.5 7,02 25 12 
hs B=20 .179 .608 .206 .000 2.00 59.8 3.00 1.00 7.40 7.51 29.0 31.0 7.02 27 15 
C= 6 .206 219 .000 5,07 58.9 W350 LS 2.18 36 13 
C- 8 .569 .19h 11.20 43.00 1.00 3.21 3.5 2.18 32 18 
C= 9 .126 .128 .8L5 .000 1.4 65.3 275 3020 2.18 38 15 
C#10 .397 209 .000 50.0 L2.50 1.00 3.97 13.9 2,18 2 13 
Cell 2213 .000 1.00 43.0 2.18 33.5 n 
C18 .170 .080 .270 050 2.95 2.93 2.5 hel6 38.5 15 
De .235 .219 .090 2.00 2.53 2.57 530 u 
De 5 223 .072 .106 1.00 2.0h 2.06 50 $2.0 4.15 L5.0 10 
De 9 2380 .386 .000 3016 3.21 51.0 52.0 37.5 1h 
.b10 .380 .210 .000 1,00 3.17 SO $2.0 11.h15 u 
Dell .139 .7h2 .118 ,000 1.00 b.09 helh 50.5 52.5 1.425 8 
Be Del2 .218 .122 .660 .000 3.68 3.61 53.0 53.0 1.015 W.5 12 
au E= 1 .372 2216 .000 2.00 242 60.0 64.0 5.5 
E= 2 .37k .000 3000 2.36 59.0 65.0 1.63 39.5 
et E= 3 .185 .697 .118 .000 2.50 2.83 3.00 61.0 66.0 1.63 51.0 10 
.000 100 1.92 1.96 61.5 63.5 1.63 60.0 15 
*Eel3 .516 27.1 64.00 00 63 63 1.63 60.0 12 
.393 76.1 82,00 6.00 1.77 1.83 76 88 1.63 51.5 15 
.338 .258 .000 77.7 99.00 12.00 1.40 88 110 1.63 52.5 12 
a 
Al 
Run 
236 3653 1.97 261 72 2.65 US 137 70 
Be 3 26.9 236 3691 3061 2.10 261 Ths 2.61 217 205 106 
B10 25.0 236 3.05 3415 3027 3623 3032 39k 10L 193 = 100 
B-l2 22.0 236 2.97 3636 33k 261 2.90 4.2? 65 2.5 7 
Pye B13 18 29 236 261 2.52 2.17 5.57 55 mo 
Bel6 «18 21 236 5497 1425 2.05 261 2.67 240 52 
B20 22 236 «1478 506 1.59 26. 6.10 2.29 62 220 66 
Nae 29.92 26.5 236 1698 SSL 2693 262 213 
j C-8 35 30.903 26.0 236 5.58 2,91 2.02 261 1.96 215 7h.5 75 
25 30.13 26.0 236 1.30 129 7.34 261 WW 235 
Ce10 30.25 27.0 236 3.90 3453 1.87 261 3085 145 135 72 
C-1l 236 3.76 261 be2? 02 217 203-108 
c-18 31.5 236 1.65 26. 1.9 81 73 3h 10S 192 | 
31 236 81 1.07 261 1,86 100 91 53 215 
De 2.18 12721336 
De 9 31 37 228 
De § 4.90 136 76 
De10 3.99 220 203106 
bell 7.0 Sk 27k 42 
1.20 69 38 2b 
1 3.78 235 25 109 
E- 3.69 Usk 138 73 
55 29697 32.9 236 6.67 253 6.96 75 267 
Fe 29.99 3.0 236 1.31 5.54 253 1.2h 135 63 
8 30.05 32,0 236 ed 253 
30:07 30.5 236 3669 1695 253 35h 230 23S 
i* +E=16 23 30.08 236 - 3.52 1.9h 253 3013 240 207 113 
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effective enthalpy of adsorp- 
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forward reaction 
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coefficient of 
Ib.mole / (hr. ) 


mass-transfer 
gas stream, 
( sq.ft.) (atm. ) 

equilibrium adsorption 
stant 

partial pressure of gas com 
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or the ratio 


(ft) 


effective entropy of adsorp 


tion, cal./g.mole ° K. 
temperature © K 
proportionality 


abs 

and conver 
sion tactor 

fraction of catalyst surface 
covered 

average density of gas stream 
Ib. /eu.ft 

average viscosity 


stream Ib./(it 


gas 
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Discussion 
R. H. Wilhelm ( Princeton Univer 


sity, Princeton, N. J.): It has occurred 


to me that in these 


papers in which 
mechanisms are proposed with reserva- 
tions—whether in some cases it might 
be worth while to consider the results 
of such for 
Of course that is 
ilways easy to suggest but it occurs to 
me that perhaps adsorption equilibrium 
studies and adsorption rate studies with 
the individual component coupled with 


such a study as you have had here and 


investigations as a basis 


further experiment 


others that have been reported, might 
be enlightening should you have any 
comments or thoughts on it. 


Charles Potter (Columbia 
versity, New York, N. Y.): Adsorption 
equilibrium on the individual 
component couples should be enlighten- 
ing. They would in all probability either 
support our present conclusions or point 
up their deficiencies. Such studies may 
even be helpful in developing new ap- 
proaches or methods of handling rate 
problems in heterogeneous systems. 


Uni 


studies 


O. A. Hougen (University of Wis- 
consin, Madison, Wisc.): Professor 
Wilhelm suggests in with 
experiments on the rates of gaseous re- 


connection 
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actions catalyzed by solids that separate 
experiments be made on the rates of 
adsorption and equilibrium adsorption 
of separate component gas 
the given catalyst. These separate ex- 
periments would give valuable additional 
information on the significance of ad 
sorption as a rate-controlling step and 
tell whether or not a given component 
were adsorbed. If a 


each with 


giveth component 
were not adsorbed its equilibrium con 
stant could be dispensed with at once in 
establishing the apparent rate equation 
for the catalytic reaction and by this 
elimination much time would be saved 
in the correlation of the rate data into 
a plausible rate equation 

Whether or not significant equilibrium 
adsorption constants obtained in sepa- 
with the 
separate gases should be used in the rate 
equation for the catalytic reaction seems 
doubtful. Such experiments 
equilibrium constants over 


rate adsorption experiments 


the 
entire 


give 
the 
range of adsorption and show 
with 


a wide 
whereas 
the catalytic effect of adsorbed compo 


variation concentration 
nents is generally considered to be re- 
stricted to a narrow range of concentra 
tion, to special sites on the catalyst and 
In 
catalysis is due to selective sites 
then the equilibrium constants for ad 
sorption had best be established from 
the kinetic experiments of the catalytic 
reaction and not from separate adsorp- 


that all covered sites are not active. 


case 


tion experiments. 

The equilibrium constants obtained 
by Mr. Potter were calculated from the 
kinetic data of reaction rates. These are 
conveniently designated as equilibrium 
constants but ordinarily are perhaps no 
When 
obtained for 
several components simultaneously from 


more than empirical constants. 
several such constants are 


reaction rates the precision of individual 
constants is low and the corresponding 
apparent thermodynamic properties cal 
culated therefrom are even more uncer- 
tain. Ordinarily the chemical engineer 
is seeking apparent and 
corresponding rate equation which fit 
The 
used in 


mechanisms 
the experimental data. so-called 
equilibrium 
equations 


constants such 


are empirical or apparent 
values which give a plausible fit to the 
experimental data and are valuable for 
design and operation purposes within 
the range of variables. The establish 
ment of true mechanisms catalytic 
reactions would ordinarily be prohibitive 


in time if not impossible. 


of 


C. Potter: Prof. O. H. Hougen’s re- 
marks have an important bearing on the 
subject and the factors outlined by him 
would have to be recognized in making 
the suggested correlation. 


(Presented at Minneapolis ( Minn.) 
Meeting.) 
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THE CONTROL OF AIR POLLUTION IN 
THE CHEMICAL INDUSTRY 


MARCUS SITTENFIELD 


Hk 


broad one 


subject of air pollution is a 
rhe problems of atmos- 
the 


as varied 


pheric contamination posed by 
chemical industry are almost 
as are the manufacturing processes used. 

There are four major points that 
must be considered and understood by 
management an! engineering groups in 
effectively all problems 


concerned with the discharge of waste 


order to solve 
gaseous substances into the atmosphere. 
These are: (1) legal and social; (2) 
analytical; (3) economic, and (4) engi 
neering. In practice, the local governing 
the and 
states have assumed the legal power to 
The Federal Gov 
this 


bodies, such as cities, towns 
regulate air pollution 


ernment has, up to time, entered 
the field merely in an advisory, rather 
than in a regulatory capacity. 

The chemical and related industries 
are a source of many of the more ob- 
noxious types of air pollution. 


mists 


Cases, 
and fumes discharged by these 
industries will not only cause economic 
damage through corrosion and loss in 
property value, but also can affect the 
community health 

The question of how much _ pollution 
of the air can be permitted is a difficult 
to answer. It so often depends not 
the properties of the 
chemical, but also on many psychological 


one 
only on toxic 
tactors. 

Analysis, both qualitative and quanti- 
tative, of gaseous discharges must be 
made before a decision on selection and 
design ot adequate control equipment 
can be reached. When a plant is making 
only a few products, the operation, as 
the offending substance can 
usually be determined quite easily. The 
analytical determination of pollutants in 
an atmosphere to which many sources 
contribute is a difficult one because of 
the small concentrations involved and 
the potentially large number of sub- 
stances which may be present. In this 


well as 


Vol. 47, No. 9 


regard, one has only to look at the long 
and 
carried on by the City of Los Angeles 


intensive analytical imvestigation 


Phere are essentially four methods for 
the control of air pollution, each of 
which used at time or 


has been 


another. These are: 


one 


Process change and improvement 
Control of contamination at the 
source 


air 


\djustment of operations to the 
weather 


Moving the offending operation 


The last of these, namely, moving the 
offending operation, is the most drastic 
step to be taken. It 
resorted to when the company is unable 


may have to be 
or unwilling to prevent the venting of 
air contaminants into the atmosphere 
If a small company is forced to move, 
it often results in its eventual disappear 
ance from the industrial picture because 
of insufficient capital available to carry 
out the moving operation 

Adjustment of operations to changes 
in weather conditions has been used 
effectively chiefly where there are large 
volumes of waste gases that are uneco 
nomical to remove completely by scrub 
bing, filtration, etc., and the atmospheric 
conditions are such that the diffusion of 
the normal volume of gases the 
atmosphere effected without 
building up dangerous ground concen- 
trations. Norman R. Beers, 
Nucleonics and consultant to the Brook- 
haven National 
“Meterological control means not con- 
trol of the weather, but the determina- 
tion of plant operations that are most 
effective and efficient 
source (or sources) of pollutants for 
the variable weather conditions that will 
occur.” He continues by giving methods 
used for meterological control. “This 
control may mean, for example, an in 


into 
cannot be 


editor of 
writes 


Laboratories, 


with a given 
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Consulting Chemical Engineer 
Philadelphia, Pennsylvania 


effluent 
or a change in blower for the 
stack, or even curtailment or shut-down 
of the 

The 


ot air 


crease in temperature of the 


power 


polluting sources.” 

best way to attack the problem 
pollution is to prevent the dis 
charge of pollutants into the 
phere. This may be accomplished by 
(1) changing the process so 
inate or reduce the 
and dusts discharged, (2) 
the equipment tight to prevent leakage 
into the plant atmosphere and (3) in 
gas 


atmos 


as to elim 
amount ot gases 


maintamimng 


stalling and dust-removal 
equipment 

The chemical industry 
air pollution by discharging 
atmosphere (1) odors, (2) 


and (3) alkaline fumes and 


special 


contributes to 
the 
acid gases 


into 


and fumes 

dusts. 
Odors are 

to control 


most difficult 


they 


perhaps the 


effectively once have 
the general at 
It might be remarked that 


the majority of neighbor-industry con 


been allowed to enter 


mosphere 
flicts result from the diffusion of odor 
bearing plant air into the surrounding 
neighborhood. These are seldom toxic in 
amount, but definitely 
Most 


from leaks of process equipment, valves 


are obnoxious im 


character odor problems result 


etc., by which the gases enter the plant 
atmosphere and later diffuse outside the 
plant in a diluted concentration 

To ventilate completely a plant and 
clean up the ventilated air before it is 
discharged into the atmosphere is an 
operation A pollution ot 
reduced if 
nated by proper maintenance of equip 
ment, installation of special ducts 
around agitator stuffing glands, ete 
When the volume of air to be cleaned 
is reduced to a minimum, the problem 
contaminants 


expensive 


this type can be not elimi 


of removing air can be 
considered. 
removed from 


contaminated air streams by the use of 


Odors are generally 
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scrubbers, by adsorption on such mater- 
ials as activated charcoal and by incin- 
eration. 

For example, mercaptans are particu- 
larly obnoxious gases which may be 
detected in concentrations as low as one 
part per billion. Two methods have 
heen used successfully to treat this type 
of gas pollution, namely, adsorption on 
activated charcoal and incineration. The 
choice of one method in preference to 
the other will depend essentially on a 
comparison of installation and operating 
In one case, where it was neces- 
sary to remove more than one gas, 
incineration was considered to be the 
better process. In another case where 
the odor-bearing gas was the only poten- 
tial air contaminant, an activated char- 
coal adsorption system was the most 
economical to install and operate. 

Gases, which are present in the vented 


costs, 


yas stream in appreciable concentration, 
can be removed easily by scrubbing with 
an appropriate solvent in conventional 
liquid-gas contacting apparatus such as 
packed towers, spray towers, bubble- 
plate towers, ete. If the gases are 
strongly acidic and easily soluble, then 
water or mild alkalies may be used as 
the scrubbing medium. On the other 
hand, hydrogen sulfide and other weakly 
icidic gases pose a problem because of 
their poor solubility in water at atmos- 
pheric pressure. In this case it may be 
necessary to evaluate operations in 
which water under pressure, inorganic 
alkali or organic alkali such as ethanol- 
amine are used as the solvent. For small 
quantities of gases that are not worth 
Bw hile to recover, a dilute alkali would 
be the absorbent. Water under 
pressure may be a good solvent, how- 

ver more expensive pressure construc- 
ion is required. 


ideal 


Use of ethanolamine 
Bvill permit use of low-pressure equip- 
Ment and permit relatively easy recov- 
lery of the waste gas. However, care 
Mnust be exercised to prevent loss of 
Bolvent as it is a relatively expensive 
mhemical. The final choice of solvent 
land process will be dictated by the eco- 
Momics of the operation 
® As an example of how difficult some 
R pollution problems may be, and how 
mportant good analytic techniques are, 
one can cite the experience of one 
manufacturer who installed a caustic 
scrubbing tower to remove an odorous 
gas, presumably acidic in nature. The 
odor, however, was not removed by this 
treatment. After much study, the chem- 
ical responsible for the odor was found 
to be alkaline in nature. The substitu- 
tion of a dilute acid for the alkali in 
the scrubbing tower solved this problem 
almost completely. However, it was 
found necessary to install an alkali 
scrubber after the acid tower in order 


to remove traces of acid mist which 
otherwise would have been vented. 

It may be well to point out at this 
time, that sewering of the liquid wastes 
from scrubbing towers without treat- 
ment may result in a water pollution 
problem equally troublesome as that of 
the air that was purified by the scrub- 
bing operation. 

Fumes, that is particles below 10g in 
size, are another class of contamination 
vented by some processes. Fumes to all 
intents can be classified as colloidal 
dispersions. Removal of these fine par- 
ticles is accomplished by causing them 
to coalesce and form larger particles 
that can be removed by conventional 
dust-removal equipment. Coalescence 
may be accomplished by the use of (1) 
dynamic scrubbers in which a liquid 
spray is intimately mixed with the gas 
phase and impinges on the solid par- 
ticle, (2) electrostatic precipitators and 
(3) ultrasonic agglomeration. 

These apparatuses are generally ex- 
pensive to install and power require- 
ments and maintenance costs are both 
apt to be high. Installation costs for 
units of this type will range from about 
$8,000 for a steel venturi-type apparatus 
which will handle about 10,000 cuit. 
min. of several hundreds of 
thousands of dollars depending on the 
type of unit, size and materials of 
construction, 

Grinding and drying operations are 
another major source of air contamina- 
tion by the chemical industry. Generally 
the particle size vented by such opera- 
tions range from 30u to 1004. Conven- 
tional dust-removal equipment, such as 
cyclones, bag filters, as well as dynamic 
impingement scrubbers have been used 
to control this type of air contamination. 

Bag filters are generally quite effec- 
tive for the removal of fine dusts where 
the grain loading is small, below 5 gr./ 
cu.ft. They have the disadvantage of 
requiring large surface area per volume 
of gas cleaned. 

Single stage cyclones will remove 
fairly high grain loadings comprising 
particles larger than 60 with high effi- 
ciency. Multicyclones, which consist of 
a number of small diameter cyclones in 
parallel, have been known to remove 
with 90% or greater efficiency, particles 
as small as 10p. 

Often, when the particle size range is 
very large, a cyclone is used to remove 
the larger-sized dust, and the fine dusts 
are removed by the use of some other 
unit, such as filters, electrostatic pre- 
cipitators and similar agglomerating 
equipment in series. 

Typical examples of this dual unit 
application are to be found in the cement 
industry, fluid catalytic converters and 
spray-drying units. 


gas, to 
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An example of the complexity of 
some air pollution problems is here re- 
called. 

The manuiacturing plant was located 
on the edge of an industrial valley at 
the base of a cliff. On the heights ad- 
joining the plant was a residential com 
munity. This is obviously a poor loca- 
tion for any chemical plant. 

Essentially, the main product of the 
company was a mercaptan. Raw mater- 
ials were hydrogen sulfide, and an 
organic acid that was normally solid at 
room temperature, but was extremely 
hygroscopic. The plant operation was 
divided into two units. One a modern- 
ized totally enclosed operation, the other 
was a collection of poorly maintained 
reaction vessels from which odors and 
gases would emanate as a result of 
poorly fitting closures. 

A erude, inefficient ventilating system 
was used that carried the fumes from 
some of the reaction vessels through a 
crude water spray chamber, and then 
‘lischarged the supposedly cleaned air 
into a courtyard. However, this court 
yard acted as an excellent chimney car 
rying the odors up to the residential 
community on the heights 

After a study of the problem, the fol- 
lowing recommendations were made: 


1. Install substantially vapor-tight lids 
on all atmospheric equipment; main- 
tain all equipment so as to eliminate 
leaks and provide good housekeeping 
procedures around the plant 
Provide continuous ventilation of all 
processing units by means of an ade- 
quate duct system and fan 
Provide ventilating ducts at the stuf- 
fing boxes of all agitator stuffing 
glands 
Provide a hood over the raw material 
preparation area where the drums of 
acid were broken open and fed to the 
process 


These recommendations provided the 
mechanism for controlling the venting 
of air contaminants. The next step was 
to devise means for disposing of these 
obnoxious materials. Several paths 
were open: 


1, Use of liquid-gas absorption towers 
using a mild caustic solution as the 
liquid absorbent 

2. Use of activated charcoal adsorption 

3. Incineration 


The first of these tried and 
eliminated on two counts. A rather ex- 
pensive scrubbing installation would 
have to be built since the acid fumes 
were similar in physical character to a 
sulfur trioxide mist. Secondly, the spent 
scrubbing liquor would have to be 
sewered. Since it contained alkaline 
sulfide salts which would react with 
sewer acids to release hydrogen sulfide, 
the emphasis of the problem would have 
been shifted, but not eliminated. 


Was 
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Charcoal adsorption was eliminated 
chiefly due to the wide variety of mater- 
ials that had to be removed, and also 
because this method could not have 
handled economically the disposal of 
fairly large amounts of hydrogen sulfide 
which were vented in one stage of the 
process. 

This left as the only possible solution 
to the problem the use of incineration. 
The incinerator that was finally de- 
signed utilized the air collected from 
the ventilating system for the reaction 
tanks, fume hood, ete., as secondary 
combustion air. The concentrated stream 
of hydrogen sulfide was fed into the 
incinerator as a stream 
burned. A small domestic oil burner 
was the source of heat for the unit. The 
products of combustion were discharged 
into the atmosphere through a suitably 
tall stack where the sulfur dioxide, the 
principal residual gas, was dispersed. 

In summary, a primary factor in the 
control of air pollution resulting from 


separate and 


chemical processes is the determination 
of the chemical and physical properties 
of the waste materials. The concentra- 
tion of contaminating substances will 
determine whether it is more economical 
to recover the pollutants or to devise the 
cheapest means for destroying or re- 
moving them from the gas stream. The 
methods of control require ingenuity on 
the part of the engineer. However, the 
best way to control air pollution is to 
anticipate it by proper process engineer 
ing, by location of the plant in a suit- 
able nonresidential area, and by the use 
of good housekeeping procedures in the 
operation of the plant. 


Discussion 


Melvin Nord (Wayne University, 
Detroit, Mich.): About the legal con 
trol of air pollution—Many people have 
the erroneous impression that municipal 
ordinances are the only legal means of 


controlling air pollution, or that the 


ordinances have replaced the common 
law which previously was in effect. This 
is not the case. Ordinances do not re- 
place the common law of nuisance—they 
merely supplement it, so that there re- 
mains quite a field for the common law 
of nuisance. That means that ordinary 
lawsuits by neighbors or by the govern- 
ment may still interfere with plant 
operations, 


M. Sittenfield: 1 agree with Dr. 
Nord’s interpretation of the legal aspects 
of air pollution. Many of us are prone 
to overlook the Common Law aspects 
of nuisance and damage in the mistaken 
that all that 
a local ordinance detailing specific max- 
imum permissive of 
Even if a company scrupulously obeys 
these local ordinances, they may still be 


belief must be obeved is 


rates emission, 


liable to civil action 


(Presented at Forty-third 
Meeting, Columbus, Ohio.) 
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LETTERS TO THE EDITOR 


MEASURING FLUIDIZATION 
UNIFORMITY 


Sir: 
R. D. Morse has recently 
measurements the 


observation 


reported 
“uniformity of 
ot the 
changes in electrical capacity of a small 
condenser 
bed (1) appar 
ently giving a good record of the varia- 
tions in particle concentration in the 
bed, is limited to materials of low elec- 
trical conductivity An apparatus 
developed some time a 


of 
fluidization” by 
imserted within the fluidized 


This method, while 


was 
go in these labo 
ratories which seems to measure the uni 
tormity of fluidization, can handle any 
material, and for which the auxiliary 
apparatus is somewhat simpler (2). 
Because of the importance of measuring 
uniformity of fluidization, this device is 
described in this note, even though only 


preliminary of investigation 


phases 
have been completed. 
The method depends upon 


measuring the frequency and intensity 


present 


of impacts on a cellophane diaphragm 
within the bed. Movements of the cello- 
phane diaphragm were observed by the 
piezoelectric effect of a crystal (from a 
Columbia long-playing phonograph pick- 
up) which was to the dia 
phragm. The electrical potential devel- 
oped in the crystal was amplified by a 
type OAI amplifier, and a graphic rec- 
ord obtained by a type DA2 recorder, 
both component parts of a Brush Sur- 


attached 
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face Analyzer. Connectign from the 
piezoelectric crystal to the amplifier was 
by a shielded cable, shunted through a 
0.01 pf Grounding of the 
apparatus important the 


effects of static electricity 


condenser. 
was to avoid 

Che cellophane diaphragm was tightly 
stretched over a 2-in. diam 
1 in thickness. Drum head tightness 
was obtained by use of a “Jelly Seal,” 
which shrunk on drying to a tight dia 
phragm. The crystal was supported by 
an aluminum disk cemented to the op 
posite side of the steel ring, so that the 
crystal was contained within the short 


steel ring, 


The elec 


passed 


cylindrical capsule so formed 
trical lead to the amplifier 
through a hole in the iron ring 
The ajparatus was tested by record 
ing the diaphragm movement when the 
crystal capsule was suspended within a 
fluidized bed, in a 4-in. diam. glass col 
umn, with the capsule about 6 in. above 
the bottom of the fluidized bed. Air, dis 
tributed by a short bed of number 12 
lead shot, was the fluidizing medium. 
illus 
trated by Figure 1 and Figure 2, show 
ing the effect of variation of particle 
size and of air velocity. The similarity 
to the results of Morse are striking 
Very low, low, medium, and high air 


Results of the measurement are 


velocities were those velocities necessary 
to cause minimum fluidization, and in 
creases in bed depth of about 0.5, 1.0, 
and 2.0 times the static bed depth, re 
spectively. The material referred to as 
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“MSA” catalyst was 100-150-mesh mi 


crospheroidal synthetic cracking catalyst J 
\merican Cyanamid 


kindly 
Co 


donated by 


F. Gerald 
Seattle, Wash 


Sw: 


Recent information indicates that our] 


method is more 
by the tendency of a material to form 
a conductive film the insulated 


electrodes that we use now in our studies 


capacitometer 
over 


than it does by the absolute value of the 
conductivity. For example, we have used 
the technique successfully in studying 
charcoals but have been unsuccessful in 
studying graphite because the graphit 
forms an adherent conductive film 
the electrodes 

The method that Professor Gerald is 
developing, consisting of measuring the 
frequency and magnitudes of the im 
pacts of the disturbances in a fluidized 


on 


bed upon a microphone that is immersed 
in the bed, brings up several points for 
discussion 

It is not entirely clear whether Pro- 
fessor Gerald's microphone is suspended 
in the fluidized bed in such a manner 
that it can rebound and move under the 
impact of the slugs and bubbles or 
whether it is mounted, for example, on 
the end of a rod so that it is held in a 
particular position and with its axis of 
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FIG. |- EFFECT OF PARTICLE SIZE 


28 MESH SPHERES 


35. MESH SPHERES 


70 MESH SPHERES 


100-150 


CHART SPEED - 


response aligned in some particular di- 
rection. Probably the results secured 
would differ with the type of mounting 
and the axis of alignment. For example. 
if the diaphragm were mounted in a 
horizontal plane the impacts of the ris 
ing slugs would 
larger 


probably 
than if the diaphragm 
Wwere in some other position; however, 
Buch 


produce a 

signal 
a mounting might seriously inter 
Here with the action of the bed, particu 
arly for a microphone as large as speci 
ed (2 in situated in a 4-in 
iam. fluidization column 
ikely that a microphone of such large 
ize would tend to average out the small 


in «liam. ) 


It also seems 


r impacts by balancing them with the 
ling away of other small slugs which 
ad previously hit the diaphragm 
§ Probably the difference be 
een the capacitometer method and the 
Ipact measurement method is in the 
Broperties that are measured. And this 
ns the fact that Professor Gerald's 
Figures 1 and 2 look superficially like 
the figures determined with our capaci 
tometers. The capacitometer method 
measures the mass of particles in the 
neighborhood of the probe tip at every 


mayor 


instant and shows this mass on the chart 
Accordingly, when a bubble passes the 
probe the pen moves to the margin of 
the tape corresponding to the bubble and 
remains on this margin until the bubble 
transit is completed. Then the pen 
moves back to a position corresponding 
to the average mass of particles around 


MESH “MSA” CATALYST 


2.5 CM/SEC. 


FIG.2- EFFECT OF AIR VELOCITY, "MSA" CATALYST 


VERY LOW VELOCITY 


LOW VELOCITY 


MEDIUM VELOCITY 


HIGH VELOCITY 


Figs. 1 and 2 (Gerald's letter) 


the tip. This result is possible because, 
first, the capacitometer measures mass 
and, second, the Brush d.c. amplifier am 
plifies this measurement directly rather 
than amplifying the derivative with re 
spect to time. 

In contrast, Professor Gerald's crystal 
microphone method . . . . does not meas- 
ure the absolute value of the pressure 
at each instance but rather the deriva- 
tive of pressure with respect to time 
It is true that a piezoelectric crystal 
generates a voltage proportional to the 
pressure applied. However, in the nor- 
mal method of using such a crystal this 
voltage is bled off continuously through 
a load resister or through the resistance 
of the crystal itself and therefore main 
tenance of the pressure does not result 
in maintenance of the voltage generated 
The result is that the voltage generated 
is a function of the derivative of pres 
sure with respect to time. 

No information is at hand on the 
Type OA1 amplifier that Professor Ger 
ald is using with his system. 

If the above presumptions are correct 
any steady-state condition at the micro- 
phone would give a smooth line at the 
center of the chart. Deviations from the 
steady state... . would cause a motion 
of the pen. The velocity of the slug, 
the mass of particles in its impacting 
head and the sharpness of its face would 
be important factors determining the 
rate of change of pressure with respect 
to time, and accordingly the magnitude 
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Speed 2.6 


A deflection 
one direction would be indicative of im 


of the deflection of the pen 


pact of a slug and deflection the re 
verse direction would be indicative of 
the departure of the slug 

This 


genera] 


interpretation seems to be in 


agreement results 


charts. 


the 
Gerald's 


with 
shown Professor 
The 
strike the diaphragm more heavily and 
than the 
small diameter beads, and also at high 
the catalyst slugs strike a 
harder blow on the diaphragm than they 
do at velocities, making a corre 
spondingly larger pen deflection. In his 
Figure 1 frequency is 
clear, as would be expected with the 
change in particle 
Figure 2 little change in frequency is 
noticeable, although our observations 
suggested that the bubble fre 
quency should increase with gas velocity 

It is heartening that others realize the 
importance of measuring uniformity of 
fluidization 


on 


larger diameters of glass beads 


cause larger deflections do 


velocities 
low 
the change of 


size; however, in 


have 


Rollin D. Morse 
Wilmington, Del 
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THE USE OF PILOT PLANT MIXING DATA 


J. HENRY RUSHTON 


Illinois Institute of Technology, Chicago, Illinois 


( NE of the principal objectives m 

pilot plant experimentation 1s to 
obtain data to enable accurate design of 
this end | 
have for some years been urging devel 


large-scale equipment. To 


opment and research groups to pilot 
plant their 
mixing is an operation dependent upon 
fluid motion, it is 
mixing in 


nuxing problems. Since 


logical to evaluate 
fluid 
Accordingly, 
fluid motion exists in two mixing tanks, 


terms of mechanics 


parameters. when similar 
there will also be similar rates of chem 
This is borne 
for it is possible to 


ical or physical actions 
out by experience, 
reproduce small-scale pilot plant results 
on a larger scale by building the large 
unit so that it is dimensionally similar 
to the small unit, and at the same time 
producing dynamically fluid 
motion in the achieve 


similar 
large unit. To 
dynamically similar motion in two sys 
tems, it is necessary first to have dimen 
sional and kinematic similarity 

Many people have assumed that if a 
mixer imposed an equal amount of work 
or imposed an equal amount of power 
per unit volume, the result would be the 
same regardless of size. This is rarely 
the case even for dimensionally similar 
systems, and probably no single idea per 
taining to mixing has led to more erron 
cous conclusions than has this so-called 
criterion of “equal power per unit vol 
ume.” Power applied, size of impeller, 
speed of rotation of impeller, and the 
quantity of flow produced, are some of 
the more important criteria to Se taken 
into account in order to achieve equiva- 
lent fluid motion. No one of them is of 
prime importance ; all of them acting in 
concert are factors in producing a par 
ticular motion of fluid in a mixing tank 


Fluid Motion. The 
fluid regime in a mixing tank may be 
defined in terms of direction, velocity, 
and momentum of fluid motion at indi 
vidual points in the body of the fluid 
To date, however, it has not been found 
possible to evaluate these terms at all 
points in a tank. Visual observations of 
direction of flow have proved useful, but 
only in a qualitative way. Another way 
to define a Auid regime is in a macro- 


Delineation of 


t Also, Director of 


Research, Mixing 
Equipment Co., 


Rochester, 
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scopic sense, whereby a relation ts found 


between the various forces involved to 
produce the complete mass motion with 
out knowing the motion at individual 
When these 


in the same way in dimensionally similar 


points forces are applied 
systems the same motions will occur at 
corresponding points 

This technique is widely used in hy 
draulics (6) and hydrodynamic applica 
tions (4), where the principles of simili 
tude are applied to experiments with 
models. It is of enormous value in mix 
ing, because it can be used to describe 
the conditions of fluid motion 
the necessity of a knowledge of point 
conditions, and it thereby establishes the 
conditions necessary to achieve dynam 
ically similar motion on another scale 


without 


a moving fluid 
the 


power 


The inertia forces in 
conveniently represented by 
Np (9%). The 
number is a dimensionless expression of 
the Newtonian Classical 
fluid mechanics postulates that the im 
ertia forces are balanced by forces cu 
to viscosity, specific 
tension and the like. 

advantageous to use 
Reynolds number, »,. 
effect of viscous 


are 
power number 


mertia torce 


weight, surface 
It has been found 
the 
to represent the 
The effect of 
specific weight and gravity can be char 


well-known 


forces. 


acterized by the Froude number, \,», 
The Webet Vie. 15 the 


ameter for surface or interfacial tension 


number, par 
und the Cauchey number, is 
For 
and Everett (9%) have 
fluid 
completely de 


forces 
elastic forces 


Costich 


used for mixing 
Rushton 
shown the 


various conditions ot 


which can he 
the 
Reynolds number 


het These 


m terms of 


motion 


scribed by power number the 
and the Froude num 
dimensionless 


three yroups 


units used in mixing are 


Power number 
Reynolds number 


Froude number 


When drops of immiscible fluids are 
formed by fluid shear, the Weber num 
works 
has as vet been publishe ! showing the 
effect of this The Weber 
number in mixing units is: 


ber should be applicable, but no 


parameter 


\ 2p 


For geometrically similar systems it 1% 


possible to relate power, gravity, size, 


0g 


FOR CURVE-ABCD-NO VORTEX PRESENT 


pn*o* 


Pg on® 


FOR CURVE -BE- VORTEX PRESENT 


Fig. 1. Power characteristics of a mixing impeller. 
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Fig. 2. Correlation of rate coefficient, fluid properties and fluid motion. 
ully developed turbulence. 


speed of impeller, density and viscosity 
of fluid by means of the equation 


Np = py)" (1) 


Values of the constant & and for the 
exponents m and m under various mix- 
ing situations are given by Rushton, 
Costich, and Everett (9). Equation (1) 
is general and applies to viscous motion 
and to fully developed turbulence. At 
high Reynolds numbers when baffles or 
their equivalent are used in the mixing 
ank and swirl and surface vortex are 
hereby eliminated, fully developed tur- 
ulence is obtained and Equation (1) 
educes to 


Np=K 


Which, on substitution of mixing terms 
anil solving for power, becomes 


P= pN8D5 (2) 

This results from the fact that a log-log 
plot of Equation (1) gives a slope of 
Zero at high Reynolds numbers when 
baffles are present. (See Fig. 1, curve 


ABCD.) When no baffles are used to 

revent swirl, and when a vortex exists 
‘ the surface of the fluid, Equation (1) 
Will hold and the results plot as indicated 
by curve ABE in Figure 1 (9). 

It is postulated in fluid mechanics (6) 
thar the inertia group (here, the power 
_—) is the parameter which char- 

cterizes the kinematics of fluids. It 
follows that a particular value of Np 
is related to one particular flow pattern 
and fluid motion at a given point in the 
system. Also, for various corresponding 
points in two different-sized geometric- 
ally similar systems, the motions are 
similar. In Figure 1, it should be noted 
that for curve ABCD, Np alone is used 
for the ordinate, and Np is a constant 
value for all Reynolds numbers between 
C and D. Therefore, the same flow 
pattern and directions of motion exist 
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for various Reynolds numbers between 
C and D and the power number, not the 
Reynolds number, defines the motion 
pattern. A complete dynamic descrip- 
tion of fluid motion must include ve- 
locity and momentum. There are dif- 
ferent velocities and momentums cor- 
responding to points C and D of the 
curve, and the Reynolds number will 
characterize them. A variation of the 
value of Reynolds number between C 
and D, means higher or lower intensi- 
ties of velocity and momentum for the 
same flow pattern. Thus, both the power 
number and the Reynolds number must 
be used to define dynamic similarity in 
turbulent flow systems. For viscous 
flow, part AB of curve ABCD has a 
slope, and either the power number or 
the Reynolds number will fully describe 
the dynamic conditions of the motion. 
When the Froude number is effective, 
it is so only for part BE of curve ABE. 
Here, the power number divided by the 
Froude number is the index, although 
for simplicity the Reynolds number may 
be used to characterize the flow since 
one particular Reynolds number will re- 
sult in only one point on the curve. 


Rate Coefficients. Figure 2 illustrates 
the form of correlation that has been 
found for the film coefficient of heat 
transfer by Chilton, Drew, and Jebens 
(1). Similar correlations have been 
found for various other physical ar- 
rangements of heating surfaces and im- 
pellers by the author and co-workers 
(2,11). Reactions dependent on a liquid 
film mass-transfer coefficient have been 
studied by the author and by Hixson 
(3) and Mack (5) and their co-workers. 
Some of these data are under conditions 
in which the rate coefficients are a func- 
tion of intensity of turbulence and the 
Reynolds number (5); and can be cor- 
related as shown in Figure 2 and Equa- 
tion (4) for mass-transfer operations. 
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The dimensionless parameters used for 
® (Fig. 2) are well known and can be 
derived by dimensional analysis. A 
relation of this type can be considered 
to be a mixing correlation. In general, 
the Reynolds number (which is the 
parameter for viscous shear forces) is 
related to groups containing the rate co- 
efficient and conductivity. Thus, for 
heat transfer the Nusselt and Prandtl 
numbers are used: 


= 
(3) 


and for mass transfer (liquid film) the 
mass transfer and Schmidt numbers are 
used: 


B pB, \ 
(4 


Scale-up. To illustrate the scale-up 
technique, one can consider the case of 
heat transfer where a relation holds as 
shown in Figure 2. Such a curve will 
result for a film coefficient of heat trans- 
fer on the outside of a heating coil in 
a tank of liquid agitated by a mixing 
impeller, whose power characteristics 
are as shown by curve ABCD of Figure 
1, Further, the slope x of the mixing 
correlation of Figure 2 will be constant 
only under conditions of forced convec- 
tion which occur at relatively high 
Reynolds numbers; such as occur for 
the CD part of the curve of Figure 1. 
The following relations are derived on 
the basis that the same value of the 
heat-transfer coefficient, h, is to be re- 
produced in a larger tank geometrically 
similar to a smaller pilot plant tank. 

Let subscripts 1 and 2 refer respec- 
tively to the model and the large size. 
The scale-up ratio can be used in terms 
of the impeller diameter D, giving 
D./D, as the scale. 

From Figure 2 it follows that Equa- 
tion (3) will hold, and when fluid pro- 
perties are held constant, the variation 
of h can be expressed as a function of 
size and speed, from Equation (3) 


hD = KD**N* 


h = KD?*-1N# (5) 
since it is desired to make hy = hy, then 


= 
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RELATION EXPONENT « 


Fig. 3. Speed-exponent—scale relations. 


or, letting s = 


Equation (6) can be written 


dD, 
(6a) 
Ny ( D, 

Thus, the speed of rotation of the 
impeller necessary to produce the same 
coefficient in the large tank is found 
as a function of the reciprocal of the 
scale and the slope of the mixing corre- 
lation. 

To illustrate the use of Equation (6) 
for scale-up, some values for N»/N, 
have been calculated for a scale-up of 
2, or D,/D, = 2. These data are tabu- 
lated in Table 1. Also, for various 
scale-ups from 2 to 5, the data are 
shown graphically in Figure 3. From 
such data, the speed necessary for scale 
up to different sizes in dimensionally 
similar systems can be found quickly 
when the mixing correlation slope # is 
known. 

To find the power required for this 
scale-up operation, the ratio P2/P, is 
obtained by use of Equation (2), and 


then 
P, Bt) (42). 
Py Dd, 
(7) 


Thus the power ratio is a function 
of the scale and the slope of the mixing 
correlation. Values for P2/P, are 
tabulated in Table 1 for a scale of 2. 
Note the large variation of power neces- 


TABLE 1 


For a Seale Up of 2 
Mixing 
Slope 


sary for scale-up depending on the 
value of 

The value of x is a function of the 
physical arrangement of the tank and 
the shape, size, and position of the im- 
peller and other fittings in the tank. 
Since x is so important in scale-up, it is 
clear that pilot plant experimentation 
should not only be directed toward de 
termining the value of x, but also should 
be used to find the best physical arrange- 
ment to achieve the highest possible 
value of x 

For the case of a scale-up of two, 
data are given in Table 1 for various 
pertinent ratios. When the dimensions 
of a tank are doubled, the volume is 
increased eight times (the scale cubed). 
Hence a comparison of the ratio of 
power per unit volume at the two sizes 
is of interest. These ratios are given 
in the last column of Table 1. It should 
be noted that the ratio (P/l’), varies 
with the value of +. When « is low 
(P/V), is high, and when x is high 
the ratio is low. When x is 0.75 the 
scale-up of power is eight times and the 
scale-up of volume is also eightfold 
Hence, for this value of x, the same 
power per unit volume can be used in 
both systems, because the value of 
(P/V), 1 
then less power is required per unit vol- 
ume in the larger-sized tank 

Figure 4 shows the relations for 
power per unit volume as a function of 
scale and x. The curve for a scale of 
two is a plot of the data in Table 1 
From this plot it is clear that when x 
is 0.75 a scale-up to any size can be 


If x is larger than 0.75, 


made and the same power per unit vol- 
ume will give the same coefficient. How 
ever, for any other value of x, the devia- 
tion from a criterion of equal power per 
unit volume is large, and deviates 
rapidly as the scale increases. It is 
obvious that if a correlation gives low 
values of x, it will be relatively uneco- 


FLUID MOTION NOT SIMILAR 
FOR SAME FLUID PROPERTIES 


Fig. 5. Dimensionally 

similar systems, Rey- 

nolds and Froude 
forces effective. 
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Fig. 4. Power-volume-exponent—scale 
relations. 


nomical to scale-up to large size, 
whereas for high values of x, it will be 
more economical to operate at larger 
size. 

The foregoing relationships have 
been developed for a heat-transfer co 
efficient /, and data in the literature (J) 
fully substantiate the use of Equations 
(6) and (7) as the basis for heat- 
transfer scale-ups. Data for helical 
coils and paddle impellers give a value 
of x = 0.62 tor heating (7). Other 
data for vertical tubes and flat blade 
turbines give values for x = 0.67 to 1.0 
for heating (2, 10, 11). The great ad- 
vantage of the use of turbines with 
vertical heating tubes in large size 
equipment is evident from the high 
values of x obtained by their use, and 
shown by the relations in Figure 4. 

The same relations (Equations (6) 


and (7)), apply also to the solution of 


FLUID MOTION SIMILAR 
WHEN FLUID PROPERTIES ARE 
CORRECT 


SCALE UP OF 2 


vel 
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Fig. 6. Flat blade turbine. 
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solids in liquids (Data of 


can be calculated to the basis 
equal values of the 


to he 


Figure where 
mass-transfer coefficient 


Work 


laboratories shows 


are 


ichieved currently in’ progress 
that de- 
4 orrelated 
the 
Schmidt 


These relations have been used 


our own 


sorption operations can be 


Reynolds 


mass-transfer number and the 


with number through 
number. 
scale up to commercial 
probable 
will to he 
all of mixing 
operations involving liquid-film transfer 
such 
of controlling influence 


successfully in 


units It seems that these 


scale-up relations prove of 


general use lor tvpes 


coefficients, when coefficients are 


Power, Flow, and Head. \t has been 
emphasized before (7) that scale-up in 
mixing operations must be made on the 
basis of flow and head developed at the 
impeller, and thus on the basis of fluid 
velocities and turbulence in the liquid. 
is the product of flow and 


Phead, and power is proportional to the 


Since powe 


cube of speed and the fifth power ot 
size (Equation (2)) it is evident that 
flow and head are themselves dependent 
In the case of a 
fturbine impeller the quantity of 
therefrom is proportional to the 
and to the cube of the diameter rhere- 
fore, the flow is proportional to VD*; 
hence the head is proportional to V2)? 
Hor 
asis can also be tabulated for different 
Wwalues of x 


on speed and size 
flow 


sp ed 


such turbines. Relations on such a 


i 

When Both 
Forces Operate. When 
vortex appears in the surface of a 
liquid being mixed, it is evidence that 
both viscous and gravity are 
being overcome by the impeller motion 
In these cases the Reynolds and Froude 
numbers are required with the power 
number to define fluid motion dynam 
ically (9). In such has been 
shown by Rushton (8) that it is theo- 
retically and experimentally impossible 


Viscous and Gravity 


an appt eciable 


torces 


cases it 
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to achieve similar flow 


motion 


dynamically 
two sizes of geometrically 
similar mixing tanks. These situations 
arise when mixing impellers are rotated 
in tanks without baffles or their equiva 
lent. To achieve dynamic similarity un- 
der unhaffled 
conditions, it 


and vortex 
that the fol- 


or swirling 
tis necessary 


lowing relation be satisfied 


") ( dD, 
and », are the kinematic vis 
cosities of the liquids in the two-sized 
systems, and D,/D, is the scale. Thus, 
tor a scale-up of 2, the kinematic vis 
of the liquid in the large tank 
be (2)!5 2.83 times that in 
small tank. Hence, if pilot plant 
work is done under swirling and vortex 
conditions, the results cannot be 
up to large size using the same liquids 


where Vy 


cosity 
must 


the 


or 


scaled 


at the same temperature. 


Figure 5 illustrates, by means of 
vortex depth, the difference in fluid mo- 
tion resulting from a rotating impeller 
in an unbaffled tank for two different 
sizes and for equal and adjusted kine- 
matic viscosities, 

There are many data in the literature 
which fail to stand the test of scale-up 
because the foregoing relation has not 


heen used. 


Summary 


Pilot plant experimentation for the 
purpose of securing data for scale-up 
should be directed toward obtaining the 
necessary data to evaluate relations like 
I:quations (3) and (4). Values of K 
for Equation (1) are available (9) for 
various impellers. so that power data art 
available. Thus the scale-up Equations 
(6) and (7) can be evaluated when « 
is known from Equations (3) and (4) 

The pilot plant experimentation 
should be conducted with baffles or thei: 
equivalent so that dynamically similar 
conditions can be achieved on 
The 
successfully 


a large 


scale scale-up can be achieved 


only when geometrically 
used. If the geo 
is not to be the same, it will be 
to 
independently 


similar systems are 
metry 
changes in 
that the 
effect of geometry can be evaluated (9) 

Impellers and tank fittings should be 
used which have proved to give the 
highest values of the mixing correlation 
that the 
scale-up can be made. 


necessary evaluate 


geometry so 


slope x, so most economical 

Flat-blade_ tur- 
bines of the type shown in Figure 6 
give high values for the mixing correla- 
tion slope x, and their use in pilot plant 
operations 


therefore is recommended 


Notation 


B = diffusivity, sq.it./sec. 
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heat capacity 


impeller diameter 


gravitational constant 

film coefficient of heat transfe1 
B.t.u./ Chr.) (sq. ft.) (° F.) 

a constant 

thermal conductivity, ( 
(it.) (sq. tt.) 

liquid-film mass-transfer coetti 
cient, (Tb. 
(sec. ) (sq.it.) (Ib. mole) 


B.tou 


moles ) (cu.ft 


an exponent 
revolution /sec. 
Cauchy number 
Froude number 
mass transter 
Nusselt numbet 
Power number 

Prandtl number 

Reynolds number 

Schmidt number 

Weber number 

an exponent 

exponent of Prandtl group 

exponent of Schmidt group 
an exponent 

2s l 

viscosity, Ib./( ft.) (sec.) 
Ib. / Cit.) chr.) 

kinematic viscosity, sq.ft. 

a tunction 

mass density, Ib. /cu-ft. 
= surface 


Ib. 


or mterfacial tensior 


(sec. )( sec.) 
Subscripts 


subscript 1 refers to condition 1 


subscript 2 refers > 


to condition 2 
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This article contains examples of the application of chemical engineering to the edible oil industry, 
which represent the contributions the profession has been able to make in a field where opportunities 
are considerable for process improvement. . . . The author points up reasons why the application is not 


always simple or even feasible, claining that attempting wholesale application of engineerirg innovations 


developed in other industries without adequate attention to the organoleptic standards that must be main- 


tained would be tempting disaster. . . . 


THE EDIBLE OIL INDUSTRY 


A Challenge to Chemical Engineering 


WARREN H. GOSS 


Pillsbury Mills, Inc., Minneapolis, Minnesota 


HE edible oil industry is comprised 

of numerous individual industries of 
great and 
employ a unique collection of processes, 
many of vet profited 
fully from attention by the chemical en 


variety, some overlapping 


others quite distinct in themselves 
which have not 
gineering profession 

lo classify the industry, it is neces 
break it first into the 
production of fats and oils of animal 
and of The former 
are the products of the meat-packing 
industry and are produced in practically 


sarv to down 


vegetable origin. 


all sections of the country, but Chicago 
is the most important processing center 
The fats are 
produced practically nationwide, but are 


vegetable and oils, too, 


derived from a number of different 


agricultural crops, the production and 


processing of which for the most part 


are localized in different area Mhus, 


cottonseed oi] and shortenings manutac 
tured the 
the cottonseed milling industry, located 


therefrom are products ot 


principally in the southern states, soy 
bean oil and its derived products come 
from the sovbean mills 
in the part of 
and ols 
recovered from their respective seeds in 
from the 


located mostly 


Central the country, 


corn and peanut like wise are 


far removed 
the 


\ generation of 


areas not too 


regions where crops are grown 
lard 
the chief edible fat of the nation, aside 
until the 
early part of this century that processes 
making a 
vegetable 


two ago, Was 


from butter, and it was not 
similar 


initially 


were devel yped tor 


product from oils, 
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The technology of re 
and 


cottonseed oil 


fining cottonseed other oils ad 


vanced since then to such an extent 
that lard encountered difficulty in main 
taining its place as a consumer product 
the past 15 


has challet ged cottonseed oil tor leader 


and, in vears, soybean oil 
ship in the vegetable oi! branch of the 
industry. 

\ fair the 
achieved by cottonseed and soybean vils 
in the competitive 
field is the 


chemical engineers in modernizing proc 


proportion of success 


highly edible oil 


due to contributions of 
esses and in introducing new techniques 
which vield edible products of superior 
quality at lower cost. In many respects 
technological progress in the animal fat 
field lagged behind that of the vegetable 
oil industry, at least during the twenties 
and thirties, but there has been a great 
During the 
past ten years all producers and proc 


change in the past decade 


essors of edible fats and oils have turned 
increasingly toward chemical engineet 
ing 
sumption of their products through im 
provements in manutacturing practices, 


as a means for advancing the con 


but the long-term results appear to have 
been the 
and oilseed fields 


greater in the vegetable oil 


Technology of Vegetable Oils and 
Oilseeds 


The present discussion will 
a few of the operations in the edible 
oil industry chemical! 
ing is being or should be applied and 


describe 


where engineer 
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will point out some reasons why, im th 
field 
simple as a superficial consideration ot 


such application usually is not s 


the problem would indicate 
rhe life 
from cultivation of the 


history of a vegetable oil 
oilseed through 
storage, onl 


harvesting, transportation 


milling, oil-refining, and manutacture 


of shortening or margarine ts a long 
and detailed one, intere ting throughout 
In this 
fir 


yineering 


succession of operations the 
much chemrcal en 


the 


which involves 


is otl-milling cotten 


seed industry, which was the principal 


im this coun 


amd still 


kind of oilseed-proce 


trv tor many vear ol wa 


is recovered chiefly by pressing, amd 


most of the mills use hydraulic 


The 


cquite 


presses 


equipment i ld in design and 


outmode | Ihe recovery 


low compared with ut obtainable by 


solvent extraction, hut economic reason 


and the necessity for maintaining prod 
uct quality have compelled the cotton 
seed industry to continue with hvdraul 


pressing as its most important metho 


of seed processing 


Pressing Era 


Pressing in one manner or another 


always has been the predominant method 


of processing oilseeds im this country 


a though solvent extraction no 


idly 
pre 


is rap 
the 
thir 


he vht of 
the 
ties and forties as a result of a phenom 


replacing it lhe 


sing era occurred during 


enal growth in processing soybeans 
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Other oilseeds were also processed by 
pressing methods, Linseed, for example, 
was pressed for many years in equip- 
ment somewhat similar to that of the 
cottonseed industry, as were peanuts, 
copra, and imported tropical oil nuts. 
Corn germs, resulting from both the 
dry- and the wet-milling processes, like- 
wise have been processed largely by 
pressing methods, but the principal tool 
for this operation has been the continu- 
ous screw press, or expeller, which has 
developed since the beginning of the 
present century. 

Many oil mills hydraulic 
presses formerly were employed, e.g., 
linseed mills, converted to the contin- 
uous screw press system, although the 
extent of conversion has been small in 
the cottonseed industry. Soybean proc- 
essors, however, were not content with 
the comparatively low oil yields obtain- 
able by pressing and have led the rest 
of the industry in adopting the more 
modern and more efficient solvent ex- 
traction method. Chemical engineering 
has been applied widely in the various 
types of oilseed pressing plants, but it 
has contributed most to the technology 
of oil-milling in the field of solvent ex- 
traction. 


where 


Much of our solvent extraction know- 
how and equipment design came orig- 
inally from Germany where the opera- 
tion has been a common one for at 
least 50 years. The methods used there 

include both the multiple-contact coun- 
Htercurrent batch systems and continuous 
Fextractors. Only the latter type has 
}been imported and developed to any 
fextent in this country, although there 
fare certain advantages peculiar to each 
method. Of the many kinds of contin- 
Puous extractors, the most common at 
}present is that known as the “basket” 
bextractor (5), which was designed and 
Pbuilt originally by the Hansa-Mihle, 
1A.G., in Germany. Other types have 
‘appeared both abroad and in the United 
'States, many of which may eventually 
pprove superior to the basket version, 
pbut a large proportion of the users has 
preferred to continue with basket ex- 
Mtractors because they originally became 
Hfamiliar with their operation and have 
Shesitated to change. The usual solvent 
fis a commercial grade of hexane. 


Oil Extraction 


The essential steps of oil extraction 
are seed preparation, extraction of oil, 
recovery of solvent from the oil, and 
recovery of solvent from the spent meal. 
Each is a highly developed operation 
requiring a great deal of engineering 
design and rigid control for proper per- 
formance. The spent meal is considered 
to be a by-product, although it fre- 
quently is a source of more revenue to 
the processor than is the oil. Nearly 


Page 490 


all of it is further processed for use in 
livestock feeds. 

rhe oil, after extraction, is shipped 
to refineries which usually are located 
at some distance from the extraction 
centers. Here a series of treatments 
is administered to convert it into short- 
ening, salad oil, margarine, or some 
other edible product. Chemical engi- 
neering plays a role in all steps of oil- 
refining, i.e., neutralization of free fatty 
acids, bleaching, hydrogenation, deodor- 
ization, and sometimes winterizing and 
other operations. 


Solvent Extraction. Solvent extrac 
tion must be included in the present dis- 
cussion not only because of the con- 
tributions made by chemical engineers, 
but also because the quality of a fin- 
ished edible oil is dependent upon proper 
care in all steps of the process. Or- 
ganoleptic perfection in the final product 
must remain always the most important 
criterion for equipment design and 
process engineering, and it is a source 
of amazement to engineers new to the 
field to learn many processes or 
designs of seemingly excellent engineer- 
ing prove unworkable in the edible oil 
industry. Vegetable oils are exceedingly 
heat-sensitive under conditions, 
they are susceptible to oxidation, and 
sensitive to contamination. Failure to 
observe great caution during certain 
processing steps results in the 
formation or introduction of impurities 


how 


some 


critical 


whose presence, even in concentrations 
of less than a part per million, renders 
the oil unfit for ultimate in Yood 
products of best quality. 


use 


The technology of solvent extraction, 
as applied to oilseeds, still requires study 
though remarkable has 
been made in the past ten years. Ole- 
aginous seeds, like all plant materials, 
are complex, both chemically and physi- 
cally, and do not possess the same char- 
acteristics as mineral and 
many of the other raw materials usually 
dealt with by chemical engineers. The 
heterogeneous manner in which oil, pro- 
tein, cellulose, various emulsifying 
agents, etc., are combined within the 
cell renders efficient removal of oil 
difficult, particularly in some seeds. Soy- 
beans, however, have proved quite 
amenable to solvent extraction, and it 
is largely for this reason that the soy- 
bean industry has led all others in con- 
verting from pressing methods to ex- 
traction. Even so, efficient recovery of 
oil cannot be accomplished unless the 
seeds are properly prepared into flakes 
of uniform thickness and sufficient me- 
chanical strength to prevent disintegra- 
tion during the leaching operation. 


even progress 


substances 


Dust as Problem 


Among the serious operating prob- 
lems in extraction plants is that re- 
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sulting from the fragility of flakes and 
the production of dust which becomes 
dispersed through all parts of the sys- 
tem and causes endless difficulties. In 
the recovery of solvent from the meal, 
for example, the dust is entrained in 
the solvent vapor and shows up in the 
condensate, causing solvent-water emul- 
sions which are difficult or impossible 
to break. Well-designed extraction 
plants, therefore, include some means 
for separating the dust from the vapors 
prior to their entrance into the 
densers. The most common method con- 
sists in scrubbing the with a 
spray of hot water or hot solvent while 
they pass through a settling chamber. 


con- 


vapors 


The same type dust also appears in 
the miscella, or oil-solvent solution 
withdrawn from the extractor, and must 
be removed by filtration or other means 
before the miscella enters the evapora 
tion equipment where solvent is recov- 
ered. Failure to do so results in im- 
mediate fouling of the evaporator tubes 
and of all the ensuing heat-transfer 
equipment through which the miscella 
and oil must pass. In the recovery of 
solvent from miscellas, unfortunately, 
the impairment of sur 
faces due to fouling of the tube is not 
at all the important problem. Of 
seriousness is the damage to 
oil color and flavor that occurs through 
contact with the burnt film of 
matter that collects on the steam-heated 
surfaces if fines are not kept at an ab 
solute minimum. Many cases of poor 
quality in finished oil can be traced to 
the operation of miscella evaporators 
or oil-stripping equipment where sludge 
was allowed 


heat-transfer 


far 


greater 


solid 


to accumulate, or where 
suspended fines have coated the heat 
transfer surfaces, not to an extent where 
evaporation efficiency was unduly af 
fected, but to a sufficient degree, never 
theless, to degrade the oi! for 
usage. 


food 


Another aspect of the solvent extrac 
tion process which requires careful con 
trol and which can be regulated satis 
factorily only in equipment of special 
design is the degree to which the 
miscella or oil can be heated without 
damaging it. Although the solvent nor 
mally employed is a hydrocarbon mix 
ture, boiling at about 150° F., its re- 
moval from oil is rendered difficult by 
the extreme degree to which vapor pres- 
sure of the solvent is lowered when in 
oil solution. Thus, as reported by Pol 
lard, Vix, and Gastrock (6), a solution 
of 5% commercial hexane in cottonseed 
oil exhibits a vapor pressure of 760 mm 
at 293° F., whereas the pure hexane 
would boil under atmospheric pressure 
at a temperature of only 152° F. It is 
essential that practically all the hexane 
be removed, moreover, because any loss 
constitutes an unnecessary processing 
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expense, and its presence later during 
various stages of oil-refining would cre- 
ate a hazardous condition. 

Practices followed and operating con- 
ditions employed in solvent extraction 
have been described by Kenyon, Kruse, 
and Clark (5). In the case of solvent 
recovery from the miscella, it is usual 
to remove most of the solvent in evap- 
orators of conventionel design, such as 
the horizontal tube and vertical callan 
dria types, and to effect further removal 
in an evaporator so designed that the 
oil runs in thin films over baffles or 
downward along the inner walls of ex- 
ternally heated tubes. Even this treat- 
ment usually leaves at least 5% of 
solvent in the oil, and this is removed 
by countercurrent stripping with steam, 
often under vacuum, with precautions 
to prevent overheating. 

An example of the care required in 
miscella-processing is the necessity for 
avoiding any heat-transfer surfaces 
which are not continually bathed by a 
flow of oil or miscella. If such sur- 
faces are intermittently wetted, the film 
remaining between wettings polymerizes 
and is otherwise degraded by the heat 
so that subsequent contact with oil in- 
troduces de'eterious impurities. Still 
another cause of irreparable damage to 
oil is contact with air or oxygen while 
at elevated temperatures. Such contact 
and consequent oxidation often occur if 
the stripping column is operated at re- 
duced pressure and there is a leak, or 
if the steam used for scrubbing is not 
perfectly free from air. Most of these 
fine points of equipment design in the 
oil extraction industry have been devel- 
oped by trial and error rather than by 
the application of chemical engineering 
principles, and it is not surprising that 
many operators consider extraction to 
be more of an art than a science 


Solvent Extraction im 
Linseed Industries. A recent develop 
ment in the American oilseed industry 
is the introduction of solvent extraction 
into the cottonseed and the linseed indus 
tries. Use of the proces> on cottonseed 
is particularly fraught With difficulties 
because of the presence of toxic mate- 
rials which are inactivated by the cook- 
ing procedures employed in the pressing 
process but which cannot be so easily 
removed during solvent extraction. One 
method being used commercially is that 
of Hutchins and Williamson (4), com 
prising extraction by means of a mixed 
solvent, hexane and methanol, the latter 
component presumably being capable of 
extracting the toxic materials from the 
residual meal so that it will not be 
harmful to livestock. Others who have 
converted to solvent extraction of cot- 
tonseed have relied upon cooking pro- 
cedures similar to those employed in 
pressing plants, but a great deal vet 


ottonsecd, 
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must be learned in order to determine 
the most economical way of rendering 
the toxic materials harmless in the ex- 
traction process. 

In both the linseed and cottonseed 
industries, a still more important deter 
rent to solvent extraction is the fact 
that the last traces of oil are consider 
ably more difficult to extract than in the 
case of soybeans and, unless this final 
increment of oil can be recovered, the 
greater expense of installing and oper 
ating extraction equipment, as compared 
with can hardly be justified 
Furthermore, the oil content of these 
seeds is so much greater than in soy- 
beans that its complete extraction leaves 
behind a more spongy and friable mass 
which readily disintegrates into powder 
and causes the troubles described earlier. 

Both these obstacles have been overt 
come fairly well by the German oil 
milling industry, principally by resort 


presses, 


ing to forepressing at light pressure to 
remove a large part of the oil and 
then finishing the resulting cake by 
solvent extraction. The same procedure 
has been followed for many years in 
this country by the processors of wet 
milled corn germ and of castor beans, 
and during the past year or two several 
pioneers in the linseed and cottonseed 
industries have followed suit. Advan 
tages of this method of operating are 
rather obvious. Preliminary scalping in 
screw presses results in the removal of 
most of the oil quite economically with 
out resorting to high pressures and con 
sequent high maintenance on the ma 
chinery. The seed structure is so broken 
down in the pressing operation as to 
permit subsequent penetration of the 
solvent and thorough removal of the 
oil, with the situation en 
countered when no forepressing is ad 
ministered. Preliminary removal of 
most of the oil also yields a cake of 
greater density and less porosity after 
removal of the remaining oil from the 


contrasted 


tendency of 
the mare to disintegrate into dust. The 
application of this process to oil-milling 
in the United States has been pioneered 
on a commercial scale by several proces 
sors and equipment manufacturers who 
have applied their chemical engineering 
talents to improving oil-milling prac 
tices. 


solvent, so there is less 


Oil Refining 


Vegetable oils are refined on a large 
scale to produce a variety of edible 
products, chief of which, in order of 
importance, are shortening, margarine 
and salad and cooking oils. The object 
of the complete refining process is to 
remove undesirable impurities and cre- 
ate in the final product whatever physi- 
cal properties are required. These proc- 
esses have been described in detail by 
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Shearon, Seestrom, and Hughes (7) 
For shortening and margarine, the oils 
must be hardened by hydrogenation and 
otherwise processed in special chilling 
equipment to yield the proper melting 
characteristics and plastic range. Salad 
and cooking oils are not hydrogenated, 
but a process called “winterizing” is ap- 
plied to remove by slow cooling any 
erystallizable components that might 
cause cloudiness in the finished oil. The 
principal other impurities and methods 
of removal 


are 


Free fatty acids, gums, and related ma 
terials, by neutralization with caust« 
or soda ash 

Soaps, resulting from neutralization, by 
washing with water 

Moisture, by spraying the heated oil into 
a vacuum chamber 

Pigments, by adsorption on 
earth 

Odorous and bad-tasting components, by 
stripping with superheated steam at 
elevated temperatures and at a high 
vacuum 


activated 


Veutralization. The free fatty acids 
in vegetable oils, from the standpoint 
of quantity or concentration in the raw 
material, are the most important impuri 
ties which must be removed. They can 
be steam-distilled out of the oil under 
vacuum, and this treatment been 
utilized to a limited extent, but the high 
temperatures and other necessary oper 
prov e 


has 


ating conditions deleterious to 
most oils, impairing their color and ult 
mate flavor or stability 

Instead of employing vacuum steam 
distillation, it has long been customary 
to remove fatty acids by treating 
the with an 
caustic 
tion and amount according to the per 


fr ee 


oils aqueous solution of 


soda adjusted as to concentra 
centage of free acid naturally in the oil 
Until 15 or 20 years ago, the operation 
was conducted batchwise in vertical cyl 
indrical kettles having conical bottoms 
stirrers, and coils for heating and cool 
ing The adding 
alkali to the oil during agitation, which 
is continued until the caustic and soap 
reacted. Then, rapid heating 
causes the emulsion to break so that 
the soap settles to the the 
form of a heavy curd, from which the 
supernatant oil 
drawn through a swinging suction pipe 
The operation of such equipment is 
truly an art, known thoroughly only to 
those who have acquired long years of 


process consists im 


have 
bottom in 


neutral can be with 


experience 


Soda Ash Process 


In the field of edible oil-refining, the 
innovation of our generation 

was the replacement, at least in this 
country, of most batch-refining equip 
ment with continuous systems, employ 
ing centrifugal separation of soapstock 
marking the first major invasion of 


greatest 
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chemical engineering into the edible oil 
field. Although only caustic soda was 
used in the process for many years, 
refineries have adopted an 
improved method devised by Clayton 
(2) utilizing as the alkali an aqueous 
solution of soda ash, which neutralizes 
only the free acids without saponifying 
additional neutral oil. Another import- 
ant function of the neutralization step, 
however, is elimination of pigments and 
additional impurities by occlusion when 
the soap curd is formed, thereby im- 
proving the color. The soda ash treat- 
ment generally is less effective 
than caustic soda refining for removing 
color. 


some now 


alone 


Soda ash neutralization, although but 
one of the many consecutive treatments 
through which an edible oil passes, is 
1 complex process in itself. The crude 
or degummed oil and an appropriate 
stream of alkali, determined by analysis, 
ire metered together and mixed imme- 
diately. The emulsion is heated while 
the soaps form, and then coagulation is 
promoted by dehydration followed by 
rehydration and heating. The resulting 
soap curd is removed in continuous cen- 
trifuges, sometimes in machines which 
maintain a concurrent flow of additional 
ilkali solution to aid in flushing the 
solids through the bowl. The neutral 
oil is cooled and then re-refined by 
metering into it a solution of 
soda whi 


caustic 
1 serves chiefly to reduce the 
After proper heating, the oil is 
--refining centrifuges 
washed with hot 
suspended and dis- 
and the aqueous phase 
is separated by continuous centri- 
Finally, the oil is dried by spray- 
it, at an elevated temperature, into 

a vacuum chamber 
The Clayton, or soda ash, 


color 


passed throug! 


he resulting is 


vater remove 

solved aps, 

again 


fuges 


process is 
fa recent development, and most of the 
refining industry still uses caustic. The 
plants are generally similar in either 
case. Indeed, caustic refining some- 
times is conducted in soda ash equip- 
tment. Regardless of the method and 
ithe engineering perfection of all pieces 
bof apparatus, however, it requires much 
hmore than chemical engineering to pro- 
tduce a good oil. The precautions re- 
jferred to previously must be observed 
Pin all steps, and optimum operating con- 
ditions can be established for each lot 
of oil only on the basis of long ex- 
perience. 

Continuous neutralization is such an 
accepted process now that its advantages 
need no recounting. Many engineers 
claim that ordinarily there is little in- 
centive to convert a batch procedure 
into a continuous one unless the resi- 
dence time of the material in the process 
is greatly reduced. It is in this case, 
as compared with the older kettle proc- 
ess, and the equipment required for a 
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given capacity by the continuous method 
is but a small fraction of the size of 
that formerly required in kettle installa- 
tions. Because the contact time with 
alkali is reduced, the loss of oil due to 
saponification is far less than in the 
case of batch neutralization. 


Bleaching. In most plants, edible 
oil has been bleached batchwise by treat- 
ment with activated earth, with little 
change for many years other than a 
trend toward conducting the operation 
under vacuum. The oil is stirred with 
the earth at an elevated temperature 
for a prescribed time and then filtered. 
In one refinery, however, bleaching has 
been streamlined into a continuous 
process (3). Oil and earth are mixed 
continuously into a slurry, which is 
freed from adsorbed and dissolved gases 
by passage through a vacuum chamber 
before being heated. After deaeration, 
the temperature is raised during stir- 
ring in a second vessel, and the earth 
is removed by filtration, al! steps being 
continuous. 


Hydrogenation. The hardening of 
fats and oils probably is the most com- 
plicated part of the entire refining proc 
ess, not necessarily because the equip 
ment or its operation is so complex, 
but the reactions occurring in hydro- 
genation are many and difficult to con- 
trol precisely. Isomers result which 
differ only in such characteristics as 
the positions of double bonds and the 
cis-trans configuration, and for each 
use of the oil it is desirable to 
obtain maximum yields of specific iso- 
mers and less of others. It is largely 
a chemical problem. 

Hydrogenation of edible oils is nor- 
mally a batch process, conducted under 
pressures seldom exceeding 50 Ib./sq. 
in. gage and temperatures of 200 to 
350° F. The most usual type is a ver- 
tical steel pressure vessel equipped with 
one or more turbine-type agitators on 
a vertical shaft, with coils for heating 
and cooling, and with means for intro- 
ducing purified hydrogen at the bottom. 
Colloidal or precipitated nickel of vari- 
ous types catalyzes the reaction and de- 
termines what end products are obtained. 

The hydrogenation process seems, at 
first thought, to be one that would lend 
itself well to continuous rather than 
batch operation. Considerable experi- 
menting has been done with such an 
objective, and some installations have 
been built abroad for continuous hydro- 
genation. Batch methods are still pre- 
ferred almost universally, however, 
because they permit more flexible oper- 
ation. In the opinion of most experts 
batch hydrogenation yields products of 
higher quality for food uses than do 
any continuous methods yet tried com- 
mercially. 


end 
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In the hydrogenation step of oil 
refining, the most recent development 
in which chemical engineering played 
an important part is the production of 
technically pure hydrogen by reforming 
hydrocarbons with steam, the products 
of the high-temperature reaction ulti- 
mately being carbon dioxide and hydro- 
gen. The former is removed by ab- 
sorption in a solution of monoethanol 
amine. The final gas, after two conver- 
sions and two absorptions, is better than 
pure hydrogen and satisfactory 
for use in hardening oils. 


Deodorization. li all preceding steps 
in the refining of a crude oil have been 
conducted correctly, the deodorization 
step should yield an oil of excellent 
flavor, nearly bland, with good stability 
If not, the trouble can be traced usually 
to failure to observe one or more of 
the many precautions required against 
exposure to excessive temperatures, Ox!- 
dation, etc 

Deodorization has been chiefly a batch 
operation im past. In the usual 
method, a batch is heated to 400° to 
475° F. under an absolute pressure of 
about 8 mm. of Hg., and superheated 
steam is blown through it to strip out 
odoriferous constituents. Batch deodori- 
zation in this manner has much in its 
favor, but also some disadvantages. The 
oil in the kettle is quite deep, e.g., 8 
ft., so that there is a high hydrostatic 
pressure at the bottom despite the low 
absolute pressure maintained in the head 
space, but it is at this point of relatively 
high pressure that fresh steam is ad- 
mitted. Better results surely would be 
obtainable if there were some way to 
provide contact of the fresh steam with 
the oil at the surface, where the pressure 
is the lowest. Still another shortcoming 
of the batch deodorizer is that even the 
minutest leak of the lower shell or 
valves of the deodorizer will allow air 
to be sucked in and oxidize the oil 
while bubbling through it. 


years 


Chemical Engineering and 
Deodorization 


Of the several continuous systems 
that have been offered, the latest widely 
used contribution of chemical engineer- 
ing to the solution of these deodoriza- 
tion problems is the Girdler (/) semi- 
continuous deodorizer, which consists 
of five relatively shallow rectangular 
trays mounted one above the other inside 
a vertical cylindrical case. Oil flows 
downward from tray to tray in a semi 
continuous manner and is sparged with 
fresh steam in those trays where the 
actual deodorization occurs. The aver 
age hydrostatic pressure within the oil 
is far less than in conventional batch 
deodorizers. Extended surfaces of the 
oil are produced in the highly evacuated 
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space by allowing the sparged steam to 
splash the oil upward to baffles which 
drain back into the trays. Another ad- 
vantage is that the rectangular trays 
are completely contained within the rec- 
tangular shell which is fully evacuated 
so that any accidental leakage of air 
does not bubble through the oil and 
cause oxidation. It passes upward, in 
stead, with other gases, in the ample 
space between the straight tray sides 
and the curved cylinder wall. This 
equipment has won wide acceptance and 
appears to be the most important ad- 
vance of many years in the field of 
deodorization 


Finishing Operations. Quite a few 
additional operations are necessary in 
oil-refining before the product is ready 
for the market. Plasticization is an 
important one in the manufacture of 
shortening and consists in rapidly chill- 
ing the fat and incorporating therein a 
certain percentage of air or mert gas 
while subjecting the material to violent 
working. Crystallization induced in this 
manner yields a product of smooth tex 
ture and white creamy appearance. In 
the case of margarine manufacture, the 
fat must be mixed with specially cul- 
tured milk, flavoring, and other ingre- 
dients plasticization 
As earlier, 
oils must be winterized to remove there 
from minor constituents 


before the final 


has been mentioned salad 
would 
Each 
operations sub 
much ind is a 


distinct field of oil technology in itself. 


which 
precipitate during icebox storage 
of these 
ject of 


has been the 


investigation 


Still other aspects of fat technology 
which are being developed rapidly are 
the against 
addition of antioxidants 


stabilization rancidity by 
and the im 
parting of certain desirable characteris- 


tics by inclusion of emulsifiers 


Conclusion 


Chemical engineering finally has won 
for itself a prominent place in edible 
oil technology, as exemplified by the 
preceding illustrations of recent prog- 
ress, but the accomplishments to date 
represent hardly more than an uncer- 
tain start along the right road and an 
inducement to continue toward still 
more worthy objectives. In view of 
the limitations imposed upon processing 
conditions by requirements peculiar to 
human foods, i.e., flavor, appearance, 
nutritional value, etc., it is not surprising 
that the field still is wide open and rep 
resents a challenge to chemical engi- 
neers, especially those have not 
learned to look before they leap 


who 
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Discussion 


(Distillation Prod 
ducts Industries Division of Eastman 
Kodak Co., Rochester, N. Y.): Is at 
mospheric steam used as a heating me 
dium in the final evaporation of hexane ? 


Winton Brown 


Does it promote or induce polymeriza 
tion in the oil film that is adjacent to 
the tubes ? 

W. H. Goss: It probably does but 
only to a negligible extent if the time 
of exposure is very short and if the flow 
is rapid enough so that the oil tempera- 
ture does not approximately 
200° F. At a temperature of 250° F 
t polymerization undoubtedly is 
pronounced, and of 
very 


exceed 


more 
becomes 
spot 
hot 
same problem 
Wher 
film of lit 
the 


course it 
noticeable if a 
the oil 
extended period 


occurs 


dry €Xists 


where can remain for an 
That 
deodorization 
equipment is shut 
oxvlin can be found 
walls. If the polymers 
n the oil, they can impart a bad flavor 
Anonymous: You mentioned — the 
problem of carry-over of fines from an 
flaked and deteriora 
tion of flavor that results when that ma 
terial bakes on tubes. Do vou have any 
the temperature-sensi 

tiveness of that material? At what tem- 
perature does deterioration begin to be 


such 
down, a 


all over 


inet 


vecome dissolved 


improperly meal 


intormation on 


come a problem? I am thinking particu 
larly of accumulations of fines in the 
extraction part of the process where we 
have sediment in the 
the extractor vessel or in pipe lines 

W. H. Goss: I doubt whether there 
is any exact temperature below 
trouble would not be encountered 
above which it would 


nay bottom of 


which 
and 
The accumulation 
of fines on the evaporator tubes is de 
even at the ordinary steam 
pressure of 15 to 50 Ibs. that are ordi 
narily used. The lower the temperature 
the less the trouble. At room tempera 
ture there is little difficulty, so the an- 
swer to your question appears to be that 
the higher the temperature, the worse 
the trouble. In usual practice, 200° or 
210° is considered about the maximum 


leterious 


(Presented at ( Minn.) 


meeting. ) 


Minneapolis 
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EDITOR'S NOTE 


Clear exposition on the relative im- 
portance of areas in chemical engineer- 
ing are rare. However, sometimes at 
our meetings terse summaries are forth- 
coming which ought to be preserved 
and made available to others. Here, be- 
low, Prof. R. H. Wilhelm of Prince- 
ton (N. J.) University classifies Kinetics 
in his introduction to a symposium on 
“Applied Reaction Kinetics.” 


have been built 
successfully by industry, for half a cen- 
tury. In there 
has been a noticeable trend toward the 


Chemical reactors 


recent years, however, 
viewpomt that more rapid progress can 
be made in the development and design 
system 
than 


be ing 


of chemical reactors through a 
atic and rational approach, rather 
through an empirical one. It is 
found that judicious use of rate theory 
does not necessarily eliminate experi- 
ment in the translation from one scale 
but that it reduce the 
amount of experiment that is necessary 


to another, can 
Phere is always a question regarding 
the use of titles such as chemical engi 
neering thermodynamics—or chemical 
kinetic just 
thermodynamics o1 Basicall 
but 
justified because 


engineering rather than 
kinetics 
no difference, 


of course, there is 


such subject names are 
they imply a viewpoint and method 
approach that 1s considerably different 
from the purely scientific one 

In kinetics, for 


interest generally is 


screntitn 
the 
molecular 


example 

focused on 
nature of the fine-grained 
mechanism steps of a reaction and the 
expression of these in an appropriate 
differential rate equation 

“The object of the chemical engineer 
by contrast, is to build economic equi 
proper and size to hous« 
the reaction. His problem is essentially 
that differential rate 
hook or crook,” by the 


use of analytical, graphical means or by 


ment ot type 


one of solving 
equation, but 
direct experimental methods. He wishe- 
to be 


concentration, 


ible to predict time 
vield 
full-scale reactor Ir 


temperature 
the 
the course of the 
equations are 
limited in ultimate 
mplications, but which are 
useful and tractable over the whole 
range of interest. The engineer is con 
fronted with a variety of reactor types 
Reaction may occur, for instance, in the 
batch reactor, continuous-stirred reac 
tor, countercurrent tower, circulating 
fiuidized reactor, and other variants. 

“Physical rates involving the transfer 
of heat in mass, may be important and 
equipment design should include the 
control of resulting temperature and 
concentration gradients 

“Thus, the chemical engineer not only 
gets involved with problems of chemical 
kinetics but also with problems 
of fluid dynamics and heat transfer.’ 


relations im 


analysis, chemical rate 


used which may lx 


theoretical 
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CAST ALLOY REFERENCE SHEET 


N. S. MOTT, Chief Chemist Metallurgist 
The Cooper Alloy Foundry Co., Hillside, N. J. 


ALLOY: HEAT-EROSION AND COR- 
ROSION RESISTANT 28% CHROM- 
1UM ALLOY. 


APPLICATIONS AND REMARKS: The 
28% chromium alloy is mainly a 
heat-resisting type and is used for 
coarse furnace parts where high 
temperature strength is not neces- 
sary and a lower cost material is 
desired for resistance to oxidation 
and hot-sulfur-bearing gases. It is 
fairly resistant to corrosion and 
abrasion, and is used extensively for 
pump parts handling erosive and 
acid mine waters. It has some appli- 
cations in nitric acid manufacture. 
Room tem- 
perature 
brittleness oc- 
curs when it is 
slowly cooled 
through the 
800-1000° F. 
tem perature 
range. This 
brittleness is 


Tensile Strength 
Yield Point, 1000 lb 
Elongation, % 
Reduction in 
Brinell Hardness 

Charpy Impact (Std 
Mod. of Elasticity ( 
Specific Gravity 


Area. % 


CORROSIO 


Sulfuric 10%, 
Sulfuric 10% 


ACIDS 
Acetic 5%, 
Acetic 5% 
Acetic 60% 
Acetic 80%, boiling 
Acetic Glacial, 70 F 
Acetic Glacial, boiling 


OF 


78° 


Sulfuric 
Sulfuric 
Sulfuric 


Oleum, 70 F 


Benzoic 5° 7 
Boric 5%, 176 
10% 
70 
boiling 
. boiling 


70F 


Hydrochloric 
Hydrochloric 
Hydrochloric, 5 

) Hydrochloric 

Hydrochloric 
Hydrochloric 

Hydrofluoric 48% 

Hydrofiuoric 48°; 


ALKALIES 


"a mm THOM 


70 
. boiling 
boiling 


Chromic 
Chromi 
Chromic 
Citric 
Citric 25% 
Citric 50% 


Calcium Hyc 

Calcium Hyc 

Sodium or P 
all concs 


Sodium 
Formic 5%, 


70 F 
176 F 


Calcium Chl 


1 
Calcium Sul 


2) 


Lactic 5% 
Magnesium 
Magnesium 


} Malic, all temps 


Nitric all concs., 70 F 


Sodium Cart 
Nitric 65%, boiling 


Sodium Chle 


§ Oleic all concs., all ternps. Sodium Sulft 


Oxalic 5°. boiling 


} Phosphoric 
Phosphoric 
Phosphoric 85°; 


Stearic concentrated to 200 F 
Sulfuric 2%, 70 F 

Sulfuric 2°; 
Sulfuric 2% 
Sulfuric 5° 
Sulfuric 5% 
Sulfuric 
Sulfuric 10% 


oo 


70 F 
70F 
. boiling 


ACID SALTS 


Alum 10° 


Ammonium 
Ammonium 
Ammoniun 

Ammonium 


boiling 
70, 


RATINGS: 
E—Ercellent resistance. 0.00, max. in 
G—Good resistance. 0.00; 
P—Poor resistance 
N in. of penetrat 
1—Subject to pitting tupe corrosion 


0.042 in, pe 
6.120 in 
0.12004 


remintance, of penet 


in. of penet 


Vo resistance. ©5420 min 
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Keyhole ft 
10* Ib 


(66° Be). 
93% 


Mixed Acids 57% H2SO« 
6° HN*Os, 176 F 


Ammonium Hydroxide, all concs 


NEUTRAL AND ALKALINE SALTS 
Barium Sulfide, 70 F 


Sodium Sulfide 5% 
Sodium Sulfite 5“ 


Aluminum Sulfate 10%, 7 


Stannous Chloride 5%. 
Zinc Chloride 5% 


per yeer 
r wear of 
at 


not present at temperature and 
avoided by rapid cooling. 


DESIGNATIONS: AC] CC-50; AIS! 446; 
SAE 60446; ASTM A296-49T, Grade 
CCc-50. 


CHEMICAL COMPOSITION RANGE: 
C < .50%; Cr 26-30%; Ni < 4%; 
Si< 1%. 

MACHINABILITY: In the “as cast” con- 
dition this alloy is readily machin- 
able, due to the combination of low 
ductility and toughness combined 
with a relatively high hardness. Chips 
are short and brittle. 


HEAT TREATMENT: This alloy is not 


MECHANICAL AND PHYSICAL PROPERTIES: 


1000 Ib. ‘sq.in 
8q.in 


Melting Point 
Specific 
212° F. 


Thermal Expansion ( 
32-212° F. 


(B.t.u 


Ibs.) 
sq.in.) 


n.)) 32-2 


~ 
wn 


176F 
boiling 
(60° Be), 176 F 
70F 


, 300 F Sodium Peroxide 


"ZO7ZZ z 


OXIDIZING ACID SALTS 


Ammonium Persulfate 5% 


.70F 


Cupric Chloride 1% 
Cupric Sulfate 10%, 70 F 
Ferric Chloride 10% 


70 
70F Ferric Sulfate, boiling 


boiling 
otassium, Hydroxide 


7 E Stannic Chloride 5%, 
< 20%, boiling 


jroxide Sat 
droxide Sat 
Mercuric Chloride 2%, 


or Potassium 
Hydroxide 
Sodium Hydroxide, Molten 


30% boiling WET AND DRY GASES 
Chlorine Gas Dry, 70 F 
Chlorine Gas Wet, 70 F 
Sulfur Dioxide Dry 
Sulfur Dioxide Wet, 70 

oride 5°, 70 F 

fate Sat.. 70 F 

Chloride 5° 

Sulfate 5° 


Hydrogen Sulfide Dry 
70 F Hyrdogen Sulfide Wet 
70F 
ponate alle oncs 
5% 

ate 5% 


ORGANIC MATERIALS 


Acetone. 70 F 


Alcohol 


Benzol, 176 F 


Carbon Tetrachloride 
Chloroform 


Ethyl Acetate, 70 F 
Formaldehyde, 70 F 
Phenol 5; boiling 


Refinery Crudes 


boiling 


Chloride 5% 
Sulfate 10% 
Sulfate 10° 
Nitrate, all concs 
70F 


boiling Trichlorethylene, boiling 


of penetration 
penet 
on per 
m per 
son per year 


so alight 
ation 
r wear 
wear 


Satisfactory service expected; 
Sat 
Sutix 
Rate my ettack too great for any use 


sfactory service under specific 
for temporary se 
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F.)) 
10* in. (in.) (° 


Conductivity (Bt tu 
212° F 


dtc Resistance (Ohms. cir. mil. ft.) 
@ 32°F 


Calcium Hypochloride 2% 
Sodium Hypochloride 5° 


70F 


70F 
70F 


575 F 


Sulfur Dioxide Solution, 70 f 
Sulfur Dioxide Spray, 70 F 


Acid Sludge (50% HsSO.«), 200 F 
Methyl and Ethy 
Aniline Hydrochloride. 70 F 


as to be harmless 
at moat a ali 
conditions Li 
rice only 


hardenable but slow cooling in the 
range of 800-1000°F. may de- 
velop a degree of brittleness. 
This may be removed by heating to 
1650° F. and holding for 2 hrs., fol- 
lowed by air cooling. 


WELDABILITY: Due to the low ductility 


and impact resistance of the alloy, 
welding is fairly difficult without 
cracking. A pre-heat of 250° F. or 
over is used, and after welding the 
work should be heated to 1650” F. 
for 2 hrs. followed by rapid air cool- 
ing. When used for corrosion re- 
sistance at room temperatures a 25- 
20 type of rod may be used; however, 
for high temper- 
ature applica- 
tions a rod of 
similar compo- 
sition must be 
used due to a 
great differ- 
ence in thermal 
expansion of 
the alloys. 


2650-2750° F 
32 
0.12 
F.)) 
5.9 


thr.) (sq.ft.) 
145 


432 


RESISTANCE 


OXIDIZING ALKALINE SALTS 


PAPER MILL APPLICANTS 
Kraft Liquor 

Black Liquor 

Green Liquor 

White Liquor 

Sulfite Liquor, 176 F 
Chloride Bleach 

Paper Makers Alum 


70 


70 F 


PHOTOGRAPHIC INDUSTRY 
Humid Atmospheres 
Cellulose Acetate 
Acetic Anhydride F 
Acetic Acid + 1% HeSO. N 
Developers E 
Solutions Containing SO, 
Silver Nitrate, 70 F 


P 


P 
E 


FERTILIZER MANUFACTURING 
HaPO.« + + HF 


PICKLING OPERATIONS 


HeSO. + Dichromate, |76F N 
HeSO,. + Hel, 176 F 


CORROSIVE WATERS 
Acid Mine Water 
Abrasive Acid Mine Water 
Sea Water 
Brackish Water 


Zunm ZO 


on 


Aur 4 


FOOD & ASSOCIATED 
PRODUCTS 
Brines 
Edible Oils 
Fats 
Fatty Acid Distillation 
Fruit Juices 
Ketchup 
Milk Pasteurizing 
Vinegar and Salt 


70F 


Yo. 3 


THIRD OF 
A SERIES 
OF TEN) 


wht etch. 
yht ta moderate attack 


September, 1951 


's 
+ 
70 
me 
J 
4 
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70 F 
boiling 
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176F 
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Technical Training 
In Industry 


ROGRESS is a key word today in 

the process industries. This is as it 
should be, but it is not a natural pro 
gression guaranteed by the mere fact of 
industry's existence. To keep our proc- 
ess industries efficient and developing at 
the usual rate, men too, must progress. 
Industry must share its burden for keep 
ing its technical personnel informed on 
the latest advances in their field. 

Dr. Frank Soday in a paper, “Expand- 
ing Petroleum Markets,” said, “. . . the 
petroleum market today is regarded as 
the most modern and progressive of all 
industries taking full advantage of all 
new discoveries and technological ad 
vances, the industry progresses so rap 
idly that a new refinery installation may 
be obsolete before it starts operating 
The modern oil technologist, in fact, has 
transformed petroleum refining into a 
modern chemical industry and the mod 
ern refinery into a mass producer of 
some 2000 products.” 

As a member of the petroleum indus 
try, I certainly am proud of what it is 
doing but this statement applies to other 
industries besides the petroleum indus- 
try—viz.: the chemical manufacturing 
industry, and others that are modern and 
progressive. I doubt whether there is 
any place in the world where industry 
is as ready to abandon a good piece of 
operating equipment that still has a lot 
of useful life merely because it is super- 
seded by something better. 

However, the progress in science and 
engineering is so rapid these days that 
it 1s easy for technical men in industry 
to lose contact with these new develop- 
ments and technical men as well as the 
equipment, can become obsolete. Indus 
try has to guard against this possibility 
and see to it that the technical tools of 
its staff are kept sharp. For this reason 
various units in industry do provide 
technical training for its men 

I would like to discuss a few.of the 
methods industry can use in such train- 
ing. One ts that of having visiting lec- 
turers in which prominent men who are 
authorities in their particular subjects 
are invited to come te the laboratory or 
the plant and to give a series of lectures. 
There may be one, two, three, or as 
many as a half-dozen lectures in the 
series and they are usually given in a 
rather short period of time. This type 
of training might be called the “sit and 
listen” type, i.e., there is no restriction 
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on the number of people who can attend 
and listen to the lectures, but what they 
get out of it is entirely up to them. They 
can sit and even sleep through the lec 
tures absorbing very little. However, 
many no doubt do derive considerable 
benefit from the visiting lecturers. 

Another procedure is to let the men 
attend campus classrooms. Where an 
educational institution is located conven- 
iently, certain selected men are permit 
ted to attend the regular courses at this 
educational institution, on a part-time 
basis. They carry on this classroom 
work along with their regular plant 
work. Naturally, this type of training 
covers a long period of time. 

An alternative, particularly where an 
educational institution is not located 
close enough, is to give technical men 
leaves of absence so they may attend 
school as full-time students, take courses 
at the graduate level and then return to 
their jobs. These are the firms where 
the employees are sent to the school 
The other alternative is to bring the 
school to the men on the job. 

One form of the latter way is to hav 
the classroom in the plant or laboratory 
where these technical employees are con- 
centrated, with the classes taught by 
some men within the organization. 

The other method is that of holding 
the classroom in the plant or labor tory 
and having professors go to the locality 
and give courses fully equivalent to 
those which they give in the educational 


mstitutions to which they are attached. 
In the refining department of the com- 
pany with which I am connected, we 
have both types of classrooms conducted 
for the benefit of the technical people 
while on the job. 

The first of these is what we call, 
“The Humble Lectures in Science.” 
That was started about five years ago 
in 1946, and during these five years we 
have had about two dozen top flight men 
from various parts of this country, as 
well as one from a foreign country, 
come to Baytown to conduct courses 
usually lasting two weeks. These men 
are authorities in their field, and they 
ure the men who are making the pro 
gress in the new developments in these 
fields. For example, R. T. Arnold of 
Minnesota gave a course on advanced 
topics in organic chemistry; P. D 
Bartlett of Harvard gave a course ot 
theories of organic reaction; A, P 
Colburn of Delaware, a course on ad 
vanced topics in distillation; B. F 
Dodge, another Institute member from 
Yale, one on chemical engineering ther 
modynamics ; Henry Eyring, a course on 
Fuson of Illinois, a 
course in advanced hydrocarbon chem 


catalysis; R. ¢ 


istry (his course was so popular that he 
has come back a second time and re 
peated it). E. R. Gilliland of M.LT. gave 
a course on the transfer of processes 
from small to large scale (he, too, has 
been with us twice) ; Joel H. Hildebrand 


H. Dayton Wilde, a Director of the A.I.Ch.E. (1949-51) 
and manager of research and development, Humble Oil 
& Refining Co., Houston, Tex., is 1 firm believer in 
education as a continuing process? Readers will re- 
member him for his editorial in “C.E.P.” last May 
entitled, “Minimizing Personnel Obsolescence,” where 
he told of the efforts of Humble Oil to bring the school 
to the men. Here, in an article excerpted from a talk 
before the Student Chapter breakfast at the recent 
Kansas City meeting, he gives his reasons for champion- 
ing courses of study—new and refresher—for the new- 
comer in an industry and the old-time employee, either 
at schools conveniently located to the plant site or at schools fabricated right 
on the company property and fortified with expert teachers. Dr. Wilde 
received his D.Sc. in chemical engineering from the Massachusetts Institute 
of Technology. From 1927-29 he was research chemist in the refining depart- 
ment of Humble Oil, subsequently was in charge of production research, 
manager of technical and research divisions, refining department, and 
manager of research and development, his present title. 
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of California a course on thermody- 
namics of nonelectrolytic solutions; O. 
A. Hougen of Wisconsin, a course on 
applied kinetics; H. A. Laitinen, a 
course on physical chemical problems of 
analytical chemistry; H. L. Lochte, of 
Texas, organic chemistry; F. A. Matsen, 
also of Texas, has given his course three 
times on physical chemistry and he is 
returning for a fourth time; J. W 
McBain of Stanford on emulsions; 
Linus Pauling of California Institute of 
lechnology, on the nature of the chem 
ical bond: R. L. Pigford of Delaware, 
m mathematics of chemistry and chem- 
K. S. Pitzer of Cali- 
spectroscopy statistical 
F. D. Rossini of Car- 
chemical thermodynamics ; 
Henry Rushton of Illinois Institute of 
Technology a course in mixing; Dean 
Hugh S. Taylor of Princeton, a course 
in absorption and surface phenomena ; 
J. K. Tukey on statistics; A. D. Walsh 
trom the University of Leeds, in Eng- 
land, a course in oxidation of organic 
compounds; S. Weinstein of California 
on the mechanics of orgamic reaction. 


cal engimeering 
forma, on 
thermodynamics ; 


negie on 


We have had prominent people who 
know their business, give 
-ubjects that are helpful both to people 
in research or plant technical work. One 
course lasted three 


us courses on 


weeks but none of 
them has been shorter than two weeks. 


Basis for Selections 


The students who take these courses 
ure divorced from all their regular work 
devote their time to the 
The limited to a 
maximum enrollment of 16. The small 


course 


and entire 


course. classes are 
enrollment in any has been 
10 and the average about 13. The objec 
tive of the small enrollment is to provide 


est 


an atmosphere of informality and close 
association between the students and the 
The students are selected 
from among those who volunteer to take 
the courses. Normally in the spring ot 
each year, a questionnaire 
to all of our technical men, both in the 
research and technical service divisions 


protessors 


is circulated 


These questionnaires list eight or ten 
possible courses with an outline of the 
contents and the names of professors 
who might be invited to give the courses. 
hose who the questionnaires 
are asked to indicate, in the 
preference, the five courses that appeal 
to them most 
would care to take any of these courses 
if they have the opportunity. 

We find that about 85 to 90% of the 
respondents to the questionnaire indicate 
they would like to take the course. When 
a course is set up and prior to the time 
that the professor arrives, we select up 
to 16 who are to take the course. If 
more than 16 have expressed a desire 


receive 
order ‘ 


and whether or not they 
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for a course we have to select those 
people who we feel would derive the 
maximum benefit from taking such a 
course. Currently, five of these courses 
are held each year and although some 
of the technical men take courses more 
frequently than others, it works out 
that anyone who wants to take a course 
take about once every three 
years. The selection is made from those 
who indicate in their questionnaire they 
would like to take the and if, 
afterwards a man decides he doesn't 
want to take the course there is 
compulsion that he take it. 

The courses are conducted entirely on 
the company time. The men employ the 
regular working hours, and normally the 
professor gives a lecture lasting an hour 
or an hour and a half in the morning 
and another of about equal length in the 
afternoon. That depends a good deal 
upon the hardiness of the professor. But 
the remainder of the time is devoted to 
working problems, to conferences be- 
the and students, 
group discussions, but individual discus- 


can one 


course 


no 


tween protessor not 
s10ns. 

Nothing is scheduled for the evenings 
but our experience been that the 
men need that time working the 
problems and for the assigned reading 
We do have the 
pletion of the course and, if the protes 
sor them, there 


has 


examination at com 


wants to give may be 
quizzes while the course is in 
rhe protessor 
student at the conclusion of the course 
The told what his grade is 
but the grades are not made pu Only 
1 limited number of the the 
the techr 


prog 


gives a rating each 


student is 


management of 


it the 


tion know wh 
courses have had an 
the part ot 
ployees. The 


tron on 


t gives them 


reasot 
an opportunity to keep abreast of the 
latest developments in 
right 
authorities in 


science and eng! 
from the men that are 
their field. The students 
enjoy ind appreciate the privilege ot the 


neering 


close association they have with these 
prominent men. It is, in effect, the 
attending a number ot 
without leaving home. 
Somebody with a statistical turn of mind 
estimated that about 80% of the material 


given in these courses is new 


equivalent ot 
universities 


Staff Taught Course 


The other type of classroom differs 
irom the one I described in a number 
For one thing, it lasts much 
The course itself is for ten 
weeks preceded by three weeks of orien- 
tation. Furthermore, it is not taught by 
outsiders but by men selected from our 
own staff. Obviously they have a flair 
for teaching and they have kept up with 


Ot respects. 


longer. 
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the late advances in chemical engineer- 
ing. Each time this course in chemical 
engineering is given, it covers essen- 
tially the same ground. It’s not just a 
rehash of undergraduate chemical engi- 
neering, but picks up where the school 
leaves off and carries it forward, essen- 
tially on a graduate level. The course 
emphasizes the relationship of chemical 
engineering to petroleum refining and to 
the work that these people are engaged 
in. The great majority of those who 
take these courses are the newly em- 
ployed chemical engineers who are com- 
ing into the organization. However, the 
make-up of the class is not confined to 
the new employees but usually includes 
several of the older men in the organiza- 
tion who want to take this as a refresher 
course. These are men who have spe 
cialized in a narrow field for a number 
of years and have gotten rusty on the 
broader aspects of chemical engineering 
and take advantage of this class to re- 
fresh themselves. The course is obliga 
tory on the part of the new man coming 
in but voluntary on the part of the older 
The full working time of eight 
hours a day for these ten weeks is spent 
working on assigned problems, chosen 
from local refining situations. Later, the 
class is divided up into groups that con- 
duct plant tests and work up the data 
There is an examination at the end and 


ones. 


the students are graded. 


Advantage to Industry 

The 
the new employees are able to handle 
their regular work with less floundering. 
Ihey have a better understanding of the 
application of the chemical engineering 
they learned in school to the work they 
They under- 
take responsible work some two or three 


advantage of the course is that 


are going to do. 
vears earlier than they could under the 
system we did have, that is, without the 
the school. The older men who 
have gotten rusty can be brought up to 


use ot 


date on the new developments and need- 
less to say. the instructors learn a good 
deal These instructors are 
ally rotated so that one serves 
years or possibly three and when he is 
replaced a new assistant is brought im 
and the prior assistant is put in charge 
of the course. 


too. gener- 


for two 


Parenthetically, I want to point out 
that this type of classroom work does 
not replace the attendance at protes- 
sional society meetings. These meetings 
afford an opportunity to keep up with 
advances made in chemical engineering. 

To sum up, education does not stop 
when one leaves the campus to enter in- 
dustry. The chances are that many more 
industrial concerns will provide class- 
room training for continual technical 
training. 
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“Technical Approach 


can help solve your drying problems too 


YEARS AGO it was an adventure, 
this matter of dryer design. Recom- 
mendations were made almost blindly, 
based largely on experience with other 
—and frequently dissimilar materials. 
Guess-work bulked large in the deci- 
sions. But the Bartlett-Snow heat engi- 
neers have changed all this. 


“Technical Approach”,— the advan- 
tage of mathematical formulas devel- 
oped, tested and proved by our heat 
processing engineers has replaced 
guess-work — and luck — in Bartlett- 
Snow design. All factors — including 
those of surface evaporation and dif- 
fusion, corrosion, abrasion, the ten- 


ARTLETT 


- SNOW 


CLEVELAND 5, OHIO 


dency to cake in cooling, the dust 
condition, and possible galvanic action 
are disassembled from each other, 
studied, and checked. 

Findings are verified when neces- 
sary, by running samples of the ma- 
terial through an ingeniously arranged 
rotary test dryer. Thus all require- 
ments of the problem become known, 
—and full allowance for all conditions 
can be made in designing the equip- 
ment to be built. 

The advantage of this highly tech- 
nical, highly accurate, mathematical 
solution of dryer problems is reflected 
in every Bartlett-Snow equipment. It's 


your assurance that the diameter and 
length of the shell, the pitch, the rate 
of feed, the time of passage, the method 
of firing, and all other specifications 
of the equipment recommended will 
be exactly suited to your particular 
and individual requirements. 


Send for Bulletin No. 89. It de- 
scribes the nature and scope of our 
services in detail—and let the Bartlett- 
Snow heat engineers work with you 
on your next heat engineering prob- 
lem. The C. O. Bartlett & Snow Co., 
Cleveland 5, Ohio. Engineering repre- 
sentatives in New York, Baltimore, 
Detroit and Chicago. 


DRYERS COOLERS CALCINERS KILNS 


Designing and Contracting Engineers 


COMPLETE MATERIAL HANDLING EQUIPMENT FOR ANY REQUIREMENT 
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ALL INTERCHANGEABLE — 
PARTS 
IMPELLERS 


MOUNTINGS 
and now 


INTERCHANGEABLE SPEEDS—the newest im- 
provement in Lightnin Mixers—can save you many 
replacement dollars in the years ahead. 

With these new Lightnin Series “E” Mixers, you 
make the changeover from one fluid agitation speed to 
another quickly, inexpensively—whenever the need 
arises. The new interchangeable-speed drive gives you 
most of the advantages of a variable-speed drive—at 
far lower cost. 

Decide now to safeguard your investment in fluid 


agitation equipment, by standardizing on versatile 
Lightnin Mixers. Remember, every Lightnin Mixer is 
guaranteed to do the job for which it is recommended. 

For friendly help on any process that involves fluid 
motion within tanks, write us today—or check and mail 
the coupon for informative bulletins on Lightnin Mixers. 


LIGHTNIN 
SIDE ENTERING ENTERING 
PORTABLE AGITATORS 
MIXERS 


Turbine, propeller 


YOU CAN CHANGE OUTPUT SPEED 
ot any time, by replacing these two 
gears with a diff pair, ilabl: 
from the factory. Up to 16 standard 
AGMA speeds available with most 
models. Speeds can be changed in a 
few minutes, without special tools — 
without dismantling the drive or re- 
moving it from tank—in most cases 
without even disconnecting the 
motor coupling. 


MIXING EQUIPMENT Co., Inc. 


(MIXCO) 
199 Mt. Read Blvd., Rochester 11, N. Y. 
in Canada: William & J. G. Greey, Ltd., Toronto 


Please send me the literature checked: 

(CD 8-76 Side Entering Mixers [[] DH-50 Laboratory Mixers 
() 8-78 Top Entering Mixers [(] B-36 Condensed Catalog 
(Propeller Type) showing complete line 
8-89 Top Entering Mixers 8-75 Portable Mixers (Elec- 

(Turbine and Paddle Type) tric and Air Driven) 


Nome. 


For tonks up to 5 million 
gollons. Gear motor or 

V-belt drive, motoriess types 
Sites! to 25 HP. 500 #P. 


World's largest-sell- and paddle types 
ing line. Electric or air 
motor, direct or geor 
drive. Sizes Ye to 3 HP. 


Title 
Company 
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DATA SERVICE 


CHEMICALS 


1 e@ CHLOROWAX IN ALKYD EN- 
AMELS. A technical service bulletin 
on the use of chlorowax in alkyd 
enamel systems prepared especially 
for manufacturers of paints and 
enamels. Chlorowax is a chlorinated 
paraffin resin. Tabulation of lab- 
oratory-evaluated properties pro- 
vided by 12 formulae used in white 
green and red vehicles. Gives physi- 
cal properties, formulations, etc. 
Diamond Alkali. 


5 @ RIBOFLAVIN. The use of ribo- 
flavin as an ingredient in live stock, 
poultry and other animal feeds by 
the Commercial Solvents Corp. Cov- 
ers role of riboflavin in nutrition, 
its use in feed ingredients and defi- 
ciency symptoms, recommended 
uses, doses, etc. 


6 @ ORGANIC CHEMICALS. A sup- 
plement No. 37-3 to the Eastman 
organic chemicals list which gives 
molecular weights, structural for- 
mulas, melting and boiling ranges, 
prices, etc., for 77 new chemicals. 
Supplement is to original list No. 37. 


7 @ REAGENT CATALOG. A recent 
specification catalog and price list of 
all J. T. Baker Chemical Co. re- 
agents. Complete information about 
each chemical, analysis, types of 
package, list and quantity price. 


8 @ RADIOISOTOPES. United States 
Testing Co., Inc., has published a 
pamphlet on radioisotopes as indus- 
trial tracers. Catalogs the types of 
problems which radioisotopes solve, 
lists problems already worked on, 
plus information test sensitivity. 


9 @ SILICONE DEFOAMERS. sect 
of data sheets on silicone anti-foam- 
ers from the General Electric Co. 
Price, shipping information, nature 
of foams, and use of silicone de- 
foamers, applications, ordering in- 
structions, etc., given. 


10 @ GREASE NAPHTHENATE. A 
grease grade lead naphthenate being 


Mail card for more datap 


literature available. 


Here is a convenient CHEMICAL ENGINEERING PROGRESS 
service for you — in every issue — concise, authentic reports on 
what is new and improved in equipment and supplies, chemicals 
and materials — including brief reviews of the descriptive free 


To assure an easy way of keeping abreast of new equipment, 
new chemicals, and new developments in the field, obtain the 
accurate descriptions on what the manufacturer has to offer 
right from the manufacturer. Go through this reader service 
section right now —then tear out the special order card — 
encircle the identifying number of the literature you desire — sign 
and mail — that’s all you have to do —no postage necessary. 


manufactured by Witco Chemical 
Co. in two metal concentrations— 
30 and 33%. Data sheet gives prop- 
erties, containers, uses, etc. 


1] @ FEDERAL PAINT SPECS. ‘Twenty 
two suggested formulas for 12 Fed- 
eral specifications for paint and var- 
nish manufacturers have been de- 
veloped and assembled by Archer 
Dantels-Midland Co. Book covers, as 
example, concrete and masonry 
paint, exterior primer, fume proof, 
aluminum varnish, etc. 


12 @ SILICIA CEMENT. Four pages by 
the Harbison-Walker Refractories 
Co. describing a silica cement for 
silica refractories. Describes Vega 
Bond product for use in open hearth, 


glass, nickel refining furnaces, etc. 
Shows steps in cementing bricks. Ce 
ment does not soften at temperatures 
to 3000° F. 


14 @ GAS ANALYSIS MANUAL. A 
60-page manual from the Fisher Sci 
entific Co., 4th revised edition, on 
theory of gas analysis and descrip. 
tion of apparatus, procedures for an- 
alysis, observing components, etc. In 
cluded are descriptions of Fisher ap- 
paratus and reagents for use in gas 
work 


15 @ PROTECTIVE LINER. Syn- 
thetasine Protective Coatings, Inc., 
new epoxy resin protective coating 
liner. Synthetasine 100, for use in 
steel containers. Developed at Bat- 
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telle, coating is resistant to most 
chemicals shipped in drums. Leaflet 
available. 


16 @ PARTING COMPOUNDS. The 
use of colloidal graphite as a part- 
ing compound to prevent metal parts 
from sticking is described in an 
Acheson Colloids Corp. bulletin. II- 
lustrates graphite use in glass and 
rubber industry for molds, etc. 


BULLETINS 


17 @ AUTOMATIC VOLTAGE REGU- 
LATORS. Superior Electric Co.'s de- 
scription of complete line of stand- 
ard Stabiline automatic voltage 
regulators covering instantaneous 
electronic electromechanical 
models. Price list included. Bulle- 
tin gives all performance character- 
istics, circuits, etc. Use—maintaining 
constant voltage to electrical appar- 
atus. 


18 @ TWO-METER SPECTROGRAPH. 


Applied Research Labs. describe a 
new two-meter spectrograph devel- 
oped to fill the need for a compact 
junit of exceptional dispersion. Gives 
tmuch detail on construction, sug- 
gested laboratory arrangement, data 
yon cameras, filter, gratings, etc. 


119 @ SUMP PUMP. Centrifugal sump 
‘pumps of two types, for wet and 
dry pits handling liquids, sewage, 


etc. described by Warren Steam 
Pump Co., Inc. Sizes from 114- to 
8-in., capacities to 2000 gals./min. 
and heads to 120 ft. Specifications 
of the pumps given. 


20 @ INDUSTRIAL INCINERATORS. A 
16-page catalog from Plibrico Joint- 
less Firebrick Co. on the use of in- 
cinerators in industry. Rubbish in- 
cinerators erected in four standard 
sizes rated at 500 to 3500 Ibs./hr. 
Also a portable incinerator in four 
sizes from 135-450 Ibs./hr. Of spe- 
cial interest to incinerator users the 
bulletin shows special installations 
such as biological and pathological 
incinerators, and an overfire system 
for smoky waste, etc. 


21 @ CORROSION NOTEBOOK. A 
notebook on corrosion resistance of 
various types of stainless tubing and 
pipe, by the Carpenter Steel Co. 
Breaks alloys down into eight differ- 
ent types, describes various types of 
corrosion, corrosion tests, and gives 
a table of corrosion resistance for 
various chemicals. 


22 @ TEFLON PACKINGS. From Gar- 
lock Packing Co. on Teflon packings 
and gaskets. Chemically inert to 
practically everything except molten 
alkalies. For use at operating tem 
peratures from —90° F. to 500° F. 
Book shows various types and forms 
available for use in the chemical 
held. 
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23 e SLUDGE PUMPS. An engincer- 
ing bulletin describing three basic 
models of plunger-type sludge pumps 
made by Ralph B. Carter Co. For 
pumping sewage, viscous liquids, 
solid laden solutions, etc. V-belt, 
roller chain, and direct-drive types. 
Applications are shown with de- 
scriptions of industrial installations. 
Single to quadruple units, and fur- 
ther selectivity offers four piston 
diameters in the V-belt and chain 
drive models, and two piston diam- 
eters in the direct drive models, plus 
adjustable stroke. 


24 e TECHNA LOADTROL. A Tech- 
nalectric Co. bulletin on an auto- 
matic electrical control for mechani- 
cal feeders on pulverizing, process- 
ing and disintegrating machinery. 
When an overload occurs to the 
motor driving the equipment, the 
loadtrol by means of a solenoid in 
series with the circuit cuts out and 
stops the unit. Completely described, 
typical illustrations, diagrams, etc. 


25 @ INDUSTRIAL TELEPHONES. 
United States Instrument Corp. cata- 
log on sound-powered system of in- 
dustrial and office-type internal tele- 
phones. Uses no power, used for 
transmission of 30 miles or more. 
Feature is an emergency system of 
communication when power fails. 
Can be used in noisy locations, and 
explosion-proof system available for 
hazardous spots. 


26 @ SEPARATORS AND STEAM TRAPS. 
An engineering bulletin describin 
Velan separators, steam traps, — 
drainage controls. Combines steam 
trap, air-by-pass, check valve, strain- 
er, sight glass, temperature indicator, 
and temperature control in one unit. 
Bulletin with cutaway views, dia- 
grams, charts, etc. Explains com- 
plete operating principles, illustrates 
use in various industries, plus fea- 
tures, calculations showing economy, 
etc. Velan Engineering Co. 


27 @ MIXERS. Portable mixers for 


use in the process industries. Bulle- 
tin contains typical mixer data, pic- 
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tures of portable types, illustrations 
of how used, materials of construc- 
tion, sizes, power, etc. Bulletin of 
International Engineering, Inc. 


28 @ FLOW RATIO CONTROLLER. 
From Fischer & Porter Co. a catalog 
describing features of automatic flow 
ratio control systems. For propor- 
tioning flow of fluids, gases, liquids, 
slurries, the controller receives and 
records flow rates transmitted by lin- 
ear flow scale primary meters Prin- 
ciples of operation described. Gives 
application, fundamentals, and typi- 
cal installations. 


29 @ CHEMICAL PUMP. Warren 
Steam Pump Co., Inc., brochure of 
new centrifugal pump for chemical 
duty. Capacities up to 400 gals./min., 
heads up to 240 ft, Ye to 25 hp., 
1-3 in. discharge. Sizes, specifications, 
selection chart, dimensions, etc., for 
various materials. 


30 @ DEMINERALIZER CATALOG. In- 
dustrial Filter & Pump Mfg. Co. 
with a 4-page catalog giving infor- 
mation, specifications, performance 
data standard demineralizer 
units. Specifications and perform- 
ance tables give chemical cost/1000 
gals. plus details of the physical prop- 
erties of the water. 


31 @ STEAM TRAPS. A description of 
five types of thermostatic steam traps 
for pressures up to 225 Ibs., plus 
other descriptions of expansion, 
weight-operated, piston-operated 
traps, plus three types of steam-air 
and gas-air separators are contained 
in a new catalog from W. H. Nichol- 
son & Co. A complete engineering 
data book with all capacities, dimen- 
sions, types of service, condensing 
tables, recommended piping instal- 
lation, etc. 


32 @ PROCESS MACHINERY BULLETIN. 
Bauer Bros. Co.'s 8-page bulletin il- 
lustrates and describes a line of attri- 
tion mills, pulp refiners, hammer 
mills, crushers, breakers, magnetic 
separators, specific gravity separators, 
etc., for the process industries. 


FREE DATA 


lustrated, each item is described and 
uses noted. 


33 e NYLON BALLS. For use in 
valves, valve components, antifric- 
tion bearings, etc., Ace Plastic Co. 
in manufacture of precision nylon 
balls. Tolerances to .001 in. With- 
stand low temperatures and possess 
form stability at high temperatures. 
Important to installations where re- 
sistance to chemicals is important. 
Sheet gives chemical resistance, di- 
mensional changes under corrosive 


attack, plus mechanical, thermal, 
electric, and miscellaneous prop 
erties. 


34 @ PRESSURE SNUBBER. For elimi- 
nating surges and pulsations in pres- 
sure lines going to pressure gages, the 
Chemiquip Co. describes a new 
micrometallic pressure snubber. In 
various metals, the unit is placed in 
the line just before the pressure gage 
and pressure surges are evened out 
by means of a porous metal filter. 
Ratings up to 20,000 Ibs./sq.in. Bul 
letin also shows typical installations. 


35 @ RUBBER PIPE MANUAL. A 
brochure describing Gates Engineer- 
ing Co. system for cutting and join- 
ing rubber-lined pipe in the field. 
Pictures illustrate basic principles, 
design features, method of installa- 
tion, and tools needed. Most pipe 
situations are illustrated. 


DATA SERVICE 


36 @ EXPAND-R-STRAP. For holding 
insulation and other coverings on 
tanks, drums, pipe, etc., snugly in 
place through a heating and cooling 
cycle where the equipment expands, 
a new steel strap has been developed 
by A. J. Gerard & Co. Called Ex 
it is a corrugated, tem- 
pered, stainless steel strap applied 
with regular strapping tools. Five 
feet of corrugated and five feet of 
plain strap alternate with each five 
foot corrugated section having a 
14-in. Graphs, physical 
properties, installation pictures. 


37 e STEEL TUBING. For the process 
industries, Babcock & Wilcox Tube 
Co. offers technical data on steel tub- 
ing for the petroleum, chemical, 
pulp, paper, etc., processing indus- 
tries. Includes analysis, physical-me- 
chanical properties, as well as appli- 
cation data from 20 popular carbon, 
alloy and stainless steels. For use in 
heat exchangers, condensers, boilers, 
etc. 


38 e@ SINGLE-TANK DEIONIZER. \ 
six-page bulletin from Elgin Softener 
Corp. on single-tank deionizer of 
mixed bed, monoflo design. Data 
on quality of water, typical analysis, 
equipment, etc. 


39 @ SUPER REFRACTORIES. By Car- 
borundum Co, a bulletin on super 
refractories (bonded silica and car- 
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bide or fused aluminum oxide) , and 
their use in industry. Data on 
heat conduction, chemical inertness, 
strength, abrasion resistance, etc., for 
various installations. 


40 e CORROSION MANUAL. Ameri- 
can Brass Co.’s 24-page book on cor- 
rosion resistance of copper and cop- 
per alloys. Begins with theory of 
corrosion, types of corrosive attack, 
general discussion of corrosion-re- 
sistant — alloys for organic com- 
pounds, fresh water, sea water, etc. 
Extensive charts on corrosion ratings. 
Covers most common chemicals. Spe 
cific uses of copper and its alloys are 
given, composition, forms available. 
physical properties, etc., for a com- 
plete data book on this nonferrous 
material. 


EQUIPMENT 


50 e@ STEAM JET AGITATORS. For 
agitating corrosive solutions, Heil 
Process Equipment Corp. with a line 
of steam jet agitators. Made of lead, 
bronze, or carbon. 


51 @ CONTROLLED VOLUME PUMPS. 
Milton Roy Co, with a description 
of controlled volume pumping for 
liquid flow from 3 ml./hr. to 50 
gals./min. Used in chemical, tex- 
tile, petroleum, food, processing in 
dustries, etc. Data for selecting 
pumps for specific installations, de 
livery curves of various types, and a 
material of construction chart in 
color of recommended type of mate- 
rial to be used against numerous in- 
dustrial chemicals and liquids. 


52 @ OllL OR GAS BURNER. For plants 
with available gas or oil fuel, Cleav- 
er-Brooks Co. has designed a com- 
bination burner in which either fuel 
can be used. Electronic controls. 
Models of various capacities. 


‘ill Be Paid 
by 
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54 @ ACID-PROOF JOINT. For join- 
ing resin-base Pee. Electro Chemical 
Engineering & Mfg. Co. has devel- 
oped a new wrapped joint of glass 
cloth and furan resin cement which 
equals the strength and chemical re- 
sistance of the original pipe. Joint 
can be made in field without heat 
or special equipment. Withstands 
hydrostatic pressures up to 350 Ibs. / 
sq.in. 


55 PELLET MILL. A high capacity 
— mill which can produce 240 
vags of %,-in. pellets/hr. is new 
with Sprout, Waldron & Co., Inc. 
V-belt drive from a 75-hp. motor 
incorporates an adjustable hinged 
steel plate to assure perfect align- 
ment. 


56 @ 57 @ Oll RECLAIMERS. For peri- 
odic purification of hydraulic oil 
from machine tools, extrusion 
presses, and other hydraulic systems, 
Hilliard Corp. has developed a port- 
able oil purifier. Filters the dirty 
oil for solids removal, with a vapor- 
izer for moisture removal. Filter con- 
tains fullers earth and fine fiber cel- 
lulose. Contains controls which fa- 
cilitate operation. (57) High-Pres- 
sure Oil Filter by the same com- 
pany for filtering, lubricating, and 
sealing oil on centrifugal gas com- 
pressors and oil pumps. Up to work- 
ing pressures of 1500 Ibs. Available 
in capacities starting at 1 gal./min. 
to practically any flow required. 


58 e ELECTRONIC WEIGHING. An 
electronic scale and recorder de- 
veloped by the Streeter-Amet Co. for 
industrial weighing operations. Fits 
into any industrial weighing prob- 
lem but the electronic features make 
it particularly suitable where a lever 
system could not be used. Remote 
winting and recording. Company 
available a complete technical 
description of the features. 
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61 e CONDENSIFILTER. For remov- 
ing water, oil sludge, or other for- 
eign materials from compressed air, 
the Hankinson Corp. has deveioped 
a Condensifilter combining a delty- 
drating device, a mechanical filter, 
and a self-purging trap. Measures 
15 in. x 9 in. and has a capacity of 
30 cu.ft./min. at 100 Ibs./sq.in. For 
use in purifying and dehydrating 
compressed air used in combustion, 
process control, laboratory equip- 
ment, agitating equipment, etc. Pres- 
sure drop through the unit is less 
than 2 Ibs./sq. in. at 100 Ibs./sq.in. 
pressure. Easily dismantled for clean- 
ing and servicing. 


62 e SCINTILLATION COUNTER. For 
nuclear research, scintillation count- 
ers are now available on a commer- 
cial basis from Nuclear Research & 
Development, Inc. Comes complete 
with cable, ready for use in conjunc- 
tion with any commercial scaler or 
count-rate-meter employing a pulse 
amplifier, discriminator, and regu- 
lated voltage supply. 


63 @ POLYETHYLENE VALVE. Ameti- 
can Agile Corp., has in production 
l-in. and 2in. valves fabricated 
throughout from polyethylene. Re- 
sistant to most corrosive chemicals 
for temperatures up to 170° F. Fur- 
nished with standard drilled flanges 
for easy incorporation into standard 
pipe-line assemblies. 


64 e DUST MASK. An_ inexpensive 
dust mask for protection of workers 
from nuisance dusts which is wash- 
able and yet inexpensive enough to 
be discarded. New with General Sci- 
entific Equipment Co, Made of w 
vegetable fiber and secured with an 
elastic headband. Units of 1,000 
are priced at $27.50. 


67 @ LEVEL SWITCH. A_ probe-type 
level control which uses sensing elec- 
trodes suitable to the specific mate- 
rials being controlled is announced 
by Fielden Instrument Corp. Use 
does not depend upon whether li- 
quids have electrical conducting or 
insulating properties. Probe is in- 
serted into the container at levels 
at which the control is required. 


68 e McLEOD GAUGE. A new Mc- 
Leod gauge for A.S.T.M. tests for 
reduced pressure distillation of pe- 
troleum products is new with Emil 
Greiner Co. To insure accuracy, 
gauge has scales graduated in both 
square and linear systems. Readings 
are made directly in millimeter 
values and they range from 0.1 mm. 
to 20 mm. linear, and .01 mm. to 20 
mm. square. 
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Pritchard 
Sulphur | 

Recovery 

Plant 


Pritchard’s Single 
Responsibility Contract 
Includes 


Design 
Engineering 
Purchasing 
Field Construction 
Guarantees 
Operating Tests 


Chemical Division 
Power Division 
Petroleum Division 
Natural Gas Division 


ST. LOUIS + » in Oriecipal Cities from Coast to Coast 


Now you can turn waste into profit—liability into 
asset—with a Pritchard Sulphur Recovery Plant! 


If your plant flares off 20 tons or more per day of 
waste hydrogen sulphide, it will pay you to investigate 
our method of converting a dangerous liability (air pollu- 
tion) into a highly profitable asset (elemental sulphur). 


With a Pritchard Two-Stage Plant you can recover 
93 to 95% of the sulphur present in refinery gas or nat- 
ural gas. Such a plant can easily be a one man opera- 
tion, and is especially adapted to areas where the 
supply of water is low or at a premium. 


Today’s supply of sulphur is extremely short, to- 
morrow’s may be critical! Consult now with Pritchard’s 
experienced engineers for specific recommendations on 
how a Pritchard Sulphur Recovery Plant can be put to 
work for you. 


Pritchard’s Chemical Division is eminently qualified to handle all elements 


of your project effectively and economically. 
We invite your specific inquiry. 


Dept. No. 178 908 Grand Ave. Konsas City 6, Mo. 


District Offices: CHICAGO + HOUSTON + NEW YORK + PITTSBURGH 
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Page 25 


rad 
urn asre into 
4] 
a . 
ig 
: 
q 
DESIGN - ENGINEERING - CONSTRUCTION 
| 
Vol. 47, No. 9 


NEW DEVICE REDUCES “WATER HAMMER” 


To reduce hydraulic shock in oil production, drillers are using new Fluidynamic 
Desurgers. Above is a Gulf Coast installation of the unit on the mud line of a rotary 
drilling rig. The rubber-damping sleeve is contained in the large pipe in the 


foreground. 


GEER RUBBER LAB. 
FOR CORNELL UNIV. 


Cornell University, Ithaca, N. Y., re- 
cently announced the establishment of a 
laboratory devoted specifically to rubber 
and plastics named for William C. Geer 
one of the country’s foremost rubber 
experts, who gave equipment from his 
private laboratory, funds for additional 
apparatus and a valuable library on rub- 
ber toward the project. Dr. Geer has 
been a member of A.I.Ch.E. since 1920 

President Deane W. Malott said the 
laboratory was one of the first of its 
kind among American universities. 

The center has been formed in the 
school of chemical and metallurgical 
engineering directed by Fred H. Rhodes. 
©. C. Winding will be in charge. Re- 
search is expected to concentrate largely 
on problems of synthetic rubbers. 

The laboratory will be opened for- 
mally this month. In addition to its use 
by members of the school’s staff, it will 
be devoted to group research projects 
required of all students in the final year 
of the school’s five-year undergraduate 
curriculum. Ultimately, Professor Wind- 
ing said, it is expected to be employed 
in some advanced laboratory courses for 
graduate students. 

The equipment given by Dr. 
forms a complete unit for producing, 
vulcanizing and testing rubbers. Dr 
Geer, former director of research for 
the B. F. Goodrich Co., is best known 
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for the invention of the airplane de-icer, 
one of the chief contributions to safety 
in aviation. He is also responsible for 
developing vulcanized covers for golf 
balls, the Vulcalock process of bonding 
rubber to metal, the Geer oven for the 
accelerated aging of rubber samples, and 
a method of “pelleting” carbon black for 
use in rubber compounds. 


NUCLEATION SYMPOSIUM 


The Division of Industrial and Engi- 
neering Chemistry of the American 
Chemical Society will hold at North- 
western University, Chicago (Evans- 
ton), Il., Dec. 27-28, 1951, a symposium 
on Nucleation. The subject deals with 
phenomena important to such fields as 
rain-making and steel manufacture or 
photography and soil mechanics. This 
will be the first broad formal symposium 
on the subject in this country. Because 
of the breadth of the field it has been 
decided to confine the symposium to the 
nucleation phenomena. 

There is still room for a few papers 
and correspondence regarding papers 
should be addressed to the chairman of 
the Papers Committee—C. M. 
Engineering Research Laboratory, Du 
Pont Experimental Station, Wilming- 
ton, Del. 

Local arrangements are in the hands 
of L. F. Stutzman of Northwestern 
University. 


Cooper, 
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DESURGER CONTROLS 
HYDRAULIC SHOCK 

Pulsations and shock in pipe lines 
caused by pumping action or by the 
closing of a valve are being controlled 
in the oil fields by the use of a Fluidy- 
namic Desurger, made by the Valve 
Engineering & Development Co., Tulsa, 
Okla. The through-flow Desurger, re- 
presents a new approach to the hydraulic 
shock problem which hampered drilling 
operations in petroleum production. 

Consisting of a pipe with a series of 
throttling orifices, the new device is in 
the position to act upon and to affect 
any shock pressure head within the 
liquid column moving through the 
Desurger. A second pipe, larger in 
diameter, completely surrounds the first 
pipe forming a chamber between the 
two pipes. This chamber is divided by 
a membrane made from Hycar rubber, 
a product of B. F. Goodrich Chemical 
Co. The membrane, or sleeve, is bal- 
anced with relation to nominal line pres- 
sure by the loading of the annular 
chamber with gas or air. 

As the excess pressure head, caused 
by pump action or valve closure, moves 
out of the liquid column through the 
orifices, it is throttled and a portion of 
its energy is removed. Through this 
operation, the liquid has pushed against 
the rubber sleeve expanding it against 
the loaded chamber pressure which 
dampens the shock pressure. When the 
chamber pressure expels the excess vol- 
ume back into the line, the throttling 
orifices again act upon the liquid and 
remove another large percentage of its 
damaging energy. The total effect ap- 
proaches a leveled flow from the pump. 

In one installation designed to dampen 
mud pump pulsation, the engine revolu- 
tions per minute settled from a variation 
of 1800-2400 to 2100-2200. The pres- 
sure pulsations were reduced from 950- 
2250 Ib./sq.in. to 1850-1900 Ib./sq.in., 
which represents a surge removal of 
96%. 


MANUAL ON STREAM 
POLLUTION ABATEMENT 
“Plating-Room Controls For Pollu- 
tion Abatement,” a manual prepared by 
the Metal-Finishing Industry Action 
Committee of the Ohio River Valley 
Water Sanitation Commission is now 
available. The purpose of this manual 
is to serve as a guidebook of principles 
and practice for curbing losses of plat- 
ing solutions and metals that otherwise 
might find their way into water courses. 
This 20-page pamphlet provides source 
material for abstracting. Copies are 50 
cents and are obtainable by writing to 
Edward J. Cleary, Executive Director, 
ORSANCO, 414 Walnut Street, Cincin- 
nati 2, Ohio. 
(More News on Page 30) 
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“TEACH YOUR OLD CAT NEW TRICKS” 


Is coke burning capacity limiting your high 
octane gasoline yield? 


: ‘ hick INVESTIGATE SO, EXTRACTION OF 
Are you cycling refractory gas oils. 
can only be cracked to a low gasolingVield at CATALYTIC CYCLE STOCKS 


excessive coke make? This process will give high yields of raffinates 


Or are you chewing up cat cycle stock which crack as well or better than virgin gas oil. 
in thermal units which could much more The extraction operation removes sulfur and 
profitably be put to other uses such as heavy aromatics, and the resulting raffinate will 
running additional erude? give a high gasoline yield, with frequently less 

coke than your fresh feed. This reduced coke 
make may permit recycling to extinction in 
your existing catalytic unit. 

The extracts are highly aromatic, of low 
viscosity, and can be worked up into specialties or 
used for the viscosity cutting of heavy residuals. 
Depending upon your local utility balance, direct 
Operating costs . . . utilities, labor, maintenance 
and solvent . . . may be less than 5c a barrel. 


SO, extraction has been proved by many 
years of dependable op»rating experience. The 
solvent is cheap, universally available, and 


because of its low boiling point, product 
contamination and solvent recovery present no 
problems. Furthermore, an SO; plant is adaptable 
to running all types of stocks from light 
naphthas to heavy gas oils. 


Let us give you more information about this 
versatile refinery tool. 


FOR CUTTER 


$0-2 EXTRACT PROCESS OR SPECARATIES 


BAD GE 
BOSTON = YORK ‘ 


LONDON 8. Bodger & Sons (Greot Brition) Ld. 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


Non-Popularized Ultrasonics 


Ultrasonics. P. Vigourex. John Wiley & 
Sons, Inc., New York. (1951) vi + 
163 pp. $4.00. 

Reviewed by Dudley Thompson, 
Associate Professor of Chemical Engi- 
neering, Virginia Polytechnic Institute, 
Blacksburg, Va. 


HE chemical engineer interested in 
investigating and applying the et- 
fects produced in an ultrasonic field has 
had to encounter new nomenclature and 
unfamiliar concepts, and 
the mathematical treatment of physical 


terminology, 


phenomena that were somewhat removed 
trom his usual field of activity. The 
object of Vigourex’s text is to introduce 
the scientist or student to the technique 
and to the simpler aspects of the theory 
of propagation of ultrasonics in fluids. 
It accomplishes this objective in a style 
and clarity of expression that is note- 
worthy 

The author the principles 
used rather than detailed descriptions of 
apparatus or of experimental procedure. 
In contrast to the many articles dealing 
with procedure but lacking in general 
principles this book fills a need that has 
not been met previously. The theoretical 
treatment is as simple as possible, con- 
sistent with the explanations of phe- 
nomena available. In particular, the 
has discriminated between the 
essential and the redundant, the impor- 
tant and the trivial. 

rhe title, “Ultrasonics,” is more gen- 
eral than the subject matter warrants. 
In fact, the author in the preface points 
out that the book deals with the applica 
tion of ultrasonics to fluids; this fact 
probably should have been indicated in 
the title also. 

A logical division of the book into five 
chapters, besides the introduction, has 
been followed: generation, propagation, 
| observation, gases, and liquids. It has 

been written for the scientist and not 
for popular consumption. Twenty-five 
tables, 74 figures, and 153 numbered 
equations provide a logical and orderly 
presentation of data, interpretation, and 
logic that make it possible for the reader 
to follow easily the author's presentation 
of subject matter. More than 300 recent 
and selected citations are included in the 
bibliography. A name and subject index 
is also included. 

“Ultrasonics” is an excellent addition 
to the literature dealing with this field 


stresses 


author 
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and will be welcomed in the working 
library of the chemical engineer who is 
interested in the principles of investigat- 
ing and applying ultrasonic energy to 
gaseous or liquid systems. 


Thermo for Students 


Chemical Thermody- 
A. Paul. McGraw-Hill 
Inc.. New York, N. Y. 
(1951) 740 pp. $7.50. 


Reviewed by Bernard W. Gamson, 
Director of Research and Development, 
Great Lakes Carbon Corp., Morton 
Grove, Ill. 


Principles of 


ROFESSOR PAUL'S text on ther- 

modynamics is primarily designed 
for the student of chemistry. It is in 
tended to extend the treatment of ther 
modynamics given in the customary 
course in undergraduate physical chem- 
istry. 

The exposition is logically developed 
from the elementary principles of 
thermometry through the first, second 
and third laws. The chapters on thermo- 
chemistry and the thermal and PVT 
behavior of simple substances are pre- 
sented well. Emphasis is placed on 
correlations based on the theorem of 
corresponding states, although the charts 
presented are not predicated on a com- 
prehensive selection of existing data. 

An excellent presentation is given of 
the thermodynamics of solutions and 
heterogeneous mixtures. The section on 
chemical equilibrium and electrochem- 
ical applications is adequate. The treat- 
ment of statistical molecular theory is 
refreshingly presented for the neophyte. 
This is extended to the evaluation of 
thermodynamic properties from molecu- 
lat spectroscopic data. 

\ wide selection and large nuntber of 
well-chosen problems are given. 

The mathematical terminology is 
somewhat confusing. A bar superscript 
over the symbol representing an exten- 
sive property of the system is used to 
represent the corresponding intensive 
molal property. Most thermodynamicists 
and existing texts use this designation 
for the partial molal property. The “d” 
derivative symbol is used indiscrimi- 
nately for total and partial derivatives. 

This book should prove useful to 
students of chemistry, but other thermo- 
dynamic texts give a more useful pre- 
sentation from a chemical engineering 
standpoint. It will have limited utility 
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in a chemical engineer's library and is 


not recommended for the practicing 


engineer. 


Gas Data Book. Second edition. The 
Matheson Co., Inc., East Rutherford, 
N. J. (1951) $2.00. 


HE Matheson Co. recently issued 

the second edition of its Gas Data 
Book which gives the properties, toxici- 
ties, safety devices, precaution in hand- 
ling and recommended controls for 61 
different gases. This book is actually a 
collection of standard data sheets, of ap- 
proximately the same pattern. Proper- 
ties of the gas are given, with para- 
graphs on precautions in handling, uses, 
regulators and controls, 
effects, toxicity, and in 
vapor-pressure curves. There is an ad- 
ditional section in this volume on cylin- 
der valve outlets which gives the dimen- 
sions, materials of construction, etc., for 
all the common cylinder valve outlets 
and their corresponding inlets. Temper- 
ature and pressure charts for 29 differ- 
ent gases are included. 


physiological 


some cases 


Books Received 


The Structure and Mechanical Proper- 
ties of Metals. Bruce Chalmers. John 
Wiley & Sons, Inc. New York (1951) 
132 pp. $3.50. 


Radioactivity Applied to Chemistry. 
Edited by Arthur C. Wahl and Nor- 
man A. Bonner. John Wiley & Sons, 
Inc., New York (1951) 604 pp. $7.50. 


An Introduction to Electron Optics. 
Methuen’s Monographs on Physical 
Subjects. L. Jacob. John Wiley & 
Sons, Inc.. New York, N. Y. (1951). 
150 pp. $2.00. 


An Introduction to Organic Chemistry. 
Seventh edition. Revised by Benja- 
min Harrow and Percy M. Apfel- 
baum. John Wiley & Sons, Inc., New 
York, N. Y. (1951). 480 pp. $5.00. 


Industrial Medicine on the Plutonium 
Project. National Nuclear Energy 
Series. Manhattan Project Technical 
Section. Edited by Robert S. Stone. 
McGraw-Hill Book Co., Inc., New 
York, N. Y. (1951). 511 pp. $6.25. 


The Chemistry of Uranium. National 
Nuclear Energy Series. Manhattan 
Project Technical Section. Part 1— 
The Element, Its Binary and Related 
Compounds. Joseph J. Katz and Eu- 
ene Rabinowitch. McGraw-Hill Book 
o., Inc. (1951). 609 pp. $7.25. 
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QUESTION: 


ANSWER: 


For conveying, processing and storing a// types of corrosive liquids and 
gases, hot or cold, whole systems are now being built 100°; with 
“Karbate” impervious graphite pipe, fittings, valves, pumps, heat ex- 
changers, towers and other units needed. Here are the reasons: 


T ierms “Korbote” ond “Eveready” ore register 
* When you use“Harbate” impervious graphite, you don't 2 of and 
to ase of NATIONAL CARBON COMPANY 
a A Division of Union Carbide and Carbon Cor poration 
‘‘Karbate” impervious graphite pipe keeps production 30 42nd Street, Now York 17, Y. 
rolling. You don’t have costly “down time” because of District Sales Offices: Atlanta, Chicago, Dallas, 
corrosion in the system. There is no loss of product. Kansas City, New York, Pittsburgh, San Francisco 


PLUS FACTORS OF “KARBATE” 
IMPERVIOUS GRAPHITE PIPE: WHY BUY TiiiS ITEM? 
@ Both acid resistant and alkali resistant 


@ Light in weight, easy to machine and assemble It can't stick, swell or jam! 
alli It delivers the whitest, brightest light! 
@No metallic contamination of product It's the “Eveready” No. 1050 @ashlight 
@ Immune to thermal shock battery, made with the zinc electrode inside 
a carbon jacket just the reverse of every 


other battery on the market 


OTHER NATIONAL CARBON ae Test i and... you always buy it! 


HEAT EXCHANGERS + PUMPS + VALVES + PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS + 
BRICK + STRUCTURAL CARBON + SULPHURIC ACID CUTTERS + HYDROCHLORIC ACID ABSORBERS 
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BEFORE 


A refinery showing how wax cakes are 
still prepared by pouring the molten 
product into suitable forms; the solidified 
slabs being removed by manual labor— 
the mainstay in disassembling, cleaning 
and reassembling molding equipment. 


CONTINUOUS WAX-MOLD- 
ING PROCESS 


A new continuous process for mold- 
ing wax has come into existence through 
the coordinated efforts of the engineers 
of the Magnolia Petroleum Co., in Beau- 
mont, Tex., and the J. W. Greer Co., 
of Cambridge, Mass. 

According to V. A. Kalichevsky, con- 
sulting chemical engineer of the Mag- 
nolia Petroleum Co., the company con- 
ducted a survey of methods in allied 
industries. The candy-manufacturing 
business was a close parallel with its 
problem of preparing cakes—cakes in 


this instance derived from chocolate. 
This industry’s continuous molding 
process answered all modern require- 


ments for wax-molding, and the first 
continuous wax-molding system was in- 
stalled at the Beaumont refinery of 
the Magnolia Petroleum Co. with the 
advantages of speed, minimum expendi- 
ture of labor, compactness, cleanliness 
and neatness. 

Steps in the processing procedure are 
as follows: Molten wax is pumped 
through tempering exchangers where its 


AFTER 


A cooling chamber under construction shows position of lower rows of trays 
and pans. 


adjusted in hither direc 
s to keep it at a constant level 
fed to measuring 
pistons which empty into molding pans. 
The pans 


temperature 1s 
tion so ; 
when the wax is 


travel on a continuous con- 
vevor through a cooling chamber where 
solidifies and emerges in the 
iorm of solid cakes. 


the chamber are 


the wax 
The cakes leaving 
automatically  dis- 
into a second conveyor and di- 
rected to storage or to automatic pack 
ging machines; this procedure entirely 


char ge d 


<4 View of depositing 9 discharge sec- 
tions of cont wa g plant. 


eliminates the manual handling of the 
wax. 

Wax, considered a stepchild of the 
petroleum industry, for many years was 
used mainly as cracking stock. It was 
employed as an adulterant for vegetable 
or animal waxes and only a few decades 
ago it began to assume its present mar- 
ket position of some billion pounds of 
wax yearly in the United States. 

Yet even after wax acquired its pres- 
ent standing, manufacturing methods 
failed to keep step with the diversified 
uses of the product. 


M.C.A. BEGINS 
SAFETY AWARDS 


Certificates of Achievement for per- 
fect safety records over the past year 
have been awarded by the Manufactur- ' 
ing Chemists’ Association to 159 U. S. 
chemical plants, it was announced by 
Charles S. Munson, chairman of the 
Association's board of directors. 

This is the first time the awards have 
They will hereafter be pre- 
sented annually by the Association to 
member company plants that have 
worked the calendar year without a re- 
portable lost-time or disabling injury. 
Established by MCA last year and ad- 
ministered by the Association’s General i 
Safety Committee, the award system 1s 
designed to encourage and recognize 
outstanding safety achievement in mem- 
ber plants, Mr. Munson said. 

Companies and number of plants re- 


been made. 


ceiving Certificates based on their 1950 
records are as follows: 
American Cyanamid Co. 22 
Commercial Solvents Corp 2 
Celanese Corporation of America 2 
Corn Products Refining Co. 1 
The Davison Chemical Corp 17 
The Dow Chemical Co 2 
Du Pont Co., Inc., and subsid- 
iaries . 59 
The B. F. Goodrich Chemical 
Co. 1 
The Harshaw Chemic al Co 9 
Koppers Co., Inc., and subsid 
jaries . 10 
Merck & Co.. Inc 
Monsanto Chemical Co 5 
Pennsylvania Salt Manufacturing 
Co. 1 
F. S. Royster Guano Co 3 
Spencer Chemical Co. . 1 
Stauffer Chemical Co. and subsid- 
jaries 6 
Union Carbide & Carbon Corp 4 
U. S. Industrial Chemicals, Inc 4 
Victor Chemical Works 1 
The Visking Corp. .... 3 


Westvaco Chemical Division, 
Food Machinery and Chemical 
Corp 
Total 


= 
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| The Chas Taylors Sons 


‘Taylor Sillimanite -Fortified (Tasil-F) refractories * — 
widely used in the glass and metallurgical industries 
for those critical furnace areas subjected to bateh carry 
over or fluxes at high temperatures— are fortified with 
Arcos Alumina. 

This photo shows the excellent condition of ‘Taylor 
Sillimanite-Fortified (with Avcoa Alumina) brick and 
burner block in the back port of a cross-fired continuous 
glass container tank. After 276 operating days. the 
Tasil-Fortified (Tasil-F) brick extended 249" to 3” 
beyond the adjacent super-duty fire clay brick. Note 
also that the burner opening or throat changed very 
little in either shape or dimension. This tank melted 
alternately flint and opal glasses at approximately 


Co. proves - 


2700°-2750°F. for a total of 78 days on flint, 198 on 
opal. Total combined production was 11,131 tons con- 
sisting of 8.251 tons opal and 2.880 tons flint. 

Bricks and shapes fortified with Avcoa Alumina 
are outstanding for high hot load strength and volume 
stability at temperatures above 2900°F. Their higher 
operating efficiency for the entire life of the refractor 
actually makes them the most economical to buy. 

We do not make refractories, but we will gladly 
Write ALUMINUM 
Cuemicats Divistos, 6055 


to reliable to: 
AMERICA, 


Gulf Building, Pittsburgh 19, Pennsylvania. 


refer SOUTCES, 


COMPANY OF 


vou 


* Manufactured by The Chas. Taylor's Sons Co., Cincinnati, Ohio, 
Refractorers to industry since 1864." 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS ~- CALCINED ALUMINAS + HYDRATED 
ALUMINAS + TABULAR ALUMINAS + LOW SODA ALUMINAS 


ALUMINUM FLUORIDE + SODIUM FLUORIDE + 


SODIUM 


ACID FLUORIDE + FLUOBORIC ACID + CRYOLITE + GALLIUM 
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MACHINE OUTPUT 


VARIDRIVE 
MOTOR 


With this miracle motor you can pick 


the speed you need to drive your equip- 
ment at the exact rate for maximum 
output. Your operator will automati- 
cally work more efficiently, too. He will 
improve the quality of production. 
Varidrive gives any - 7~ range up to 
10 to 1 ratio by merely turning a con- 
venient control handle. 


% to 50 HP 


Learn how powered 
equipment can earn 
you 10%, 20%, or 
more in increased out- 
put with Varidrive 


Electrical Motors, Inc. 
Slouson Avenue, 

54, Colt.” 

or Milford, Conn. 

Send Bulletin featuring 

dustrial type U. S. 

Motors, and money-saving 


VINYL RESIN PLANT IN PRODUCTION 


Production has started at the recently completed polyvinyl chloride plant of 
B. F. Goodrich Chemical Co., at Avon Lake, Ohio. Covering seven acres of the 
company’s 225 acre tract, the plant consists of two large buildings—a three-story 
process building (right), and warehouse (left). The new manufacturing facilities 
will produce Geon polyvinyl chloride resins, supplementing production of the 
company’s plants at Louisville, Ky., and Niagara Falls, N. Y. Construction of the 


Avon Lake plant began in late 1950. 


PAINESVILLE MAGNESIUM 
PLANT OPERATES 


After six years of idleness following 
World War II, the Diamond Mag- 
nesium Co.'s plant at Painesville, Ohio, 
again is making magnesium. The first 
ingots of magnesium were poured at the 
reactivated war plant on July 27, and, 
according to Frank W. Jarvis, president 
of the company, every effort will be 
made to have the plant at full production 
by the end of 1951. 

Built by the government for $16,000,- 
000, the plant produced at an annual rate 
of 18,000 tons. 

Last December, Diamond Magnesium, 
a wholly owned subsidiary of Diamond 
Alkali Co., 
Services “de-moth- 
ball” the plant and resume production. 
The H. K. Ferguson Co. of Cleveland 
took over the big task of rehabilitation. 


was requested by the General 


Administration to 


VAN NOTE HEADS 
CLARKSON COLLEGE 


William G. Van Note will be the ninth 
president of Clarkson College of Tech- 
Potsdam, N. Y., Ralph 
the Clarkson board 
announced. 


nology, 
Damon, president of 
of trustees, 

Doctor is now director of 
the department | of engineering research 
North 
Raleigh. As 


will 


recently 
an Note 


and professor of metallurgy at 
State College, 
president of Clarkson he 
Dr. Jess H. Davis will become 
president of Stevens Institute of Tech- 


Carolina 
succeed 
who 
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nology, Hoboken, N. J. The new Clark- 
son president is expected to take over 
his duties by Oct. 1. 

Doctor Van Note is a graduate of 
Rensselaer Polytechnic Institute, class 
of 1929. He earned a master’s degree 
from the University of Vermont in 1933 
and a doctor of philosophy degree from 
the Pennsylvania State College in 1941, 
Before joining the North Carolina State 
faculty he taught at McGill University 
and the University of Vermont 


MONSANTO JOINS 
WITH NIPPONKASEI C.I. 


Monsanto Chemical Co. has formed 
an associated company in Japan with 
Nipponkasei Chemical Industries, Ltd., 
of Tokyo, according to Charles A. 
Thomas, president of Monsanto. The 
new company, Monsanto-Kasei Kogyo, 
K. K., will operate plants at Yokkaichi 
and Nagoya for the 
plastics and other chemicals 


production of 


The company, formation of which has 
been approved by the Japanese Foreign 
Investment Commission, will manufac- 
ture vinyl chloride polyvinyl 
chloride and and 
plasticizers used in the manufacture of 
vinyl plastics. Two plants, re- 
cently were completed by Nipponkasei, 
will be expanded to provide facilities 
for the new products 

Nipponkasei also operates a large 
tory at Kurosaki, Kyushu, where it pro- 
fertilizers, coke, dyestuffs and 


monomer, 


resins compounds, 


which 


fac 


duces 
pharmaceuticals. 
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TOBIN FOR FULL 
USE OF ENGINEERS 


A program aimed at achieving the 
fullest use of all engineers in the ad- 
vancement of the defense program and 
the maintenance of a strong economy 
was announced early last month by 
Secretary of Labor Maurice J. Tobin. 

Designed to meet a growing shortage 
ot engineers that threatens to become 
worse in coming years, the program was 
developed by the Department of Labor 
in cooperation with other Government 
defense agencies and private organiza- 
tions. Participating private organiza- 
tions included the Engineering Man- 
power Commission of the Engineers 
Joint Council, of which the A.I.Ch.E. 
is a member, the American Federation 
of Technical Engineers of the American 
Federation of Labor, the Council of 
State Governments, the National Asso 
ciation of County Officials and the 
American Municipal Association. 

Tobin said the program as issued by 
the Department of Labor and approved 
by the participating organizations pro- 
vides for immediate action on all fronts 
to achieve full utilization of the engi- 
neering talents of the Nation and to 
expand our supply of engineers 

In addition to outlining seven steps 
already taken by Government and in- 
dustry to meet the engineering problem, 
the program outlines suggested steps 
through which management can make 
effective use of engineering skills. On 
this point, it states in part 


Under a voluntary manpower program, 
industry should assume responsibility for 
attaining the fullest possible use of all 
available engineers. Industry should also 
assume responsibility for insuring that eco- 
nomic rewards to the profession are ade- 
quate to deter engineers from seeking other 
types of employment. A concerted effort 
on the part of industrial management should 
be made to assure that all employees with 
engineering education and experience are 
fully engaged in activities which make 
maximum use of their skills 


Specific suggestions to employers im 
cluded in part: 


1. Make maximum use of the skills 
knowledges and abilities of engineers al 
ready employed 

2 Develop plans for use of supporting 
engineering personnel 

3 Determine the need tor traming pro 
grams 

4. Stabilize the present engineering staff 

5. List engineering openings with the 
State employment services 


The seven steps listed as having al- 
ready been taken to meet engineering 
shortages follow in part 


1. As a result of action initiated by the 
Defense Manpower Administration and the 
Bureau of Employment Security, the Civil 
Service Commission has issued instructions 
to all Federal agencies regarding the de- 
velopment ot a program for maximum 


(Continued on page 36) 
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DOWTHERM 


The MODERN heat transfer medium 


In hundreds of industries where processing oper- 
ations require constant and accurate temperature — 
DOWTHERM®™ has proved invaluable in providing and 
controlling the required heat at low pressure. 


Process men know that uncontrolled heat can mean 
spoiled batches, equipment replacement . . . and 
lowered profits. Not so with powrnerm! This 
modern heat transfer medium prevents hot spots, 
saves time, prolongs the life of materials and equip- 
ment—and brings to high-temperature processing 
operations a hitherto unknown safety. 


If your operations require precise, low-pressure 
heating in the 300°—750°F. range, write to Dow for 
complete information about DOWTHERM. 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


“Tell Me More About Dowtherm"’ 
THE DOW CHEMICAL COMPANY 
DEPT. DO-22 
MIDLAND, MICH 
Nome 


Company 
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FREEPORT TO DEVELOP NEW SULFUR DEPOSIT 


A close-up of a test-drilling rig at Garden Island Bay in Louisiana where a sulfur 
deposit will be developed by Freeport Sulphur Co. 


ISCOVERY of a large new deposit 
of sulfur which is expected to be 

a major current 
world shortage of this essential element 
was announced last month by Freeport 
Sulphur Co 

The deposit is in the caprock of the 
Garden Island Bay salt dome which is 
located in the marshlands near the mouth 
of the Mississippi River, and where oil 
is being produced around the flanks 
Freeport obtained the sulfur rights of 
the Garden Island 
1951 from the Texas Oil Co 
its will pay the oil 
per cent of the operation's profits 

To develop the deposit, located at the 
mouth of the Mississippi River, Free- 
port will build a $10,000,000-$15,000,000 
mining plant having a production goal 
of 500,000 long tons of sulfur a year 
John Hay Whitney, chairman of the 
board of directors, and Langbourne M 
Williams, Jr., president, told a press 
conference 


factor in solving the 


early in 
; and under 
50 


fav dome 


lease company 


Operation in 1953 


The mine, the largest single sulfur 
development anywhere in the world in 
nearly 20 years, is expected to be ready 
for operation in 1953. 

“This development,” Mr. Whitney 
said, “comes after many years spent by 
Freeport in searching for new reserves 
of sulfur throughout the Gulf Coast 
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region and in a number of foreign lands. 

“In commenting on this exploration 
program in our annual report we men- 
tioned that our current exploratory 
drilling plans included four new pros 
pects, at some of which indications of 
sulfur had been found in preliminary 
drilling. It is at one of these prospects, 
known as Garden Island Bay, that the 
existence of a large deposit of sulfur has 
now been established.’ also 
“C.E.P.,” July 1951, page 28.) He con- 
tinued 


A mining plant will be constructed with 
the objective of producing 500,000 long tons 
of sulfur a year. Engineering studies have 
not been completed, but the plant will cost 
between $10,000,000 and $15,000,000. The 
ultimate amount will depend upon thermal 
efficiency, quality of sulfur, and special 
difficulties encountered 


Construction to Be Completed in 
Two Years 


We expect to complete the construction 
in two years, provided the necessary action 
is taken by government agencies with re- 
spect to materials and other phases of the 
project 


Construction, however, threatens to be 
difficult due to the remote marshy loca- 
tion of the deposit. Piles will have to 
be driven into the marshland to support 
the power plant and other buildings. The 
only access to the mine will be by water, 
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making it necessary to bring materials 
and personnel in and out by barge and 
boat. 

The main handling plant for the new 
sulfur mine will continue to be situated 
at Port Sulphur. This plant handles 
output of the Grand Ecaille mine 
(whose production runs more than one 
million long tons yearly) and will also 
take care of the new deposits at Bay 
Ste. Elaine, a small recent discovery by 
Freeport Sulphur Co. which is located 
about 38 miles south of Houma. 

Freeport presently has exploration 
projects at Lost Lake, Lake Pelto and 
at Venice. At Bay Ste. Elaine, a huge 
floating mining plant is under construc- 
tion, to be towed into position when 
completed. 

As to the effect on the world shortage 
of sulfur, Dr. James Boyd, director of 
the Bureau of Mines, supplied an au- 
thoritative outlook when the news of 
the discovery broke. He stated that the 
new sulfur mine means “that we now 
have in sight enough new production of 
this essential mineral to solve the Free 
World sulfur shortage.” He continued: 


Solution to Sulfur Shortage Near 


The World shortage is of the order of 
1,000,000 long tons of sulfur and sulfur 
equivalent 

Three months ago I told a Congressional 
committee that we were rapidly moving 
toward a solution of the problem through 
development of new productive capacity and 
application of new techniques I said that 
we were well over half way to our objective. 

At that time private industry, with the 
encouragement of the Bureau of Mines and 
the Defense Minerals Administration, had 
started the development of three new munes 
with an expected combined production of 
530,000 long tons. It also had undertaken 
a number of lesser projects to obtain sulfur 
from natural and refinery gases and from 
other sources. Since then additional pro- 
jects have been announced 
' The 500,000 tons planned for the new 
Freeport mine now increases the expected 
new production of sulfur to well over the 
expected deficit. It will take considerable 
time of course for all the new output to 
come in and for supply to overtake demand 
However, if the projects are carried out 
as planned and if production from existing 
sources holds up, the shortage should be 
over before the end of 1953, and sufficient 
capacity should be available to permit the 
present producing units to return to a more 
economic level of production as some are 
now operating at a level inconsistent with 
good conservation practices. 


September, 1951 


: 
ef 
: 
; 
i] 
ee 
j 
¥ 
$e 


the supply of stainless pipe 
by specifying Schedule 5 


Sure, Stainless Pipe is tough to get these days. But by 


wadites LIGHT WEIGHT Schedule 5 you can help the mills almost double the supply 


Here is the answer 


Wherever you buy your Stainless Pipe, get all the 
facts about the strength and other technical advan- 
tages of LIGHT WALL Schedule 5 pipe. It weighs 
half as much as Schedule 40 pipe. It costs half as 
much. And it uses half the nickel and chrome because 
of its LIGHT WALLS. Yet, with all that, Schedule 5 
Stainless Pipe is plenty strong enough to give you 
complete safety for working pressures up to 150 psi. 
In sizes under 1!/)'', working pressures can be con- 
siderably higher 


arpenter 
STAINLESS TUBING & PIPE 
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Before planning your next job ‘‘the same old way” 
with Schedule 40 pipe, talk to your steel distributor 
or producer. Consider taking full advantage of the 
strength of Stainless, by using LIGHT WEIGHT 
Schedule § Stainless Pipe. 


And here's your chance—Cal! your Carpenter 
Stainless Tubing Distributor or write to us for this 
set of Data Sheets on Schedule 5 Stainless Pipe 
They show why and how Schedule § offers all 
industry more Stainless Pipe for essential uses 


THE CARPENTER STEEL COMPANY 
Alloy Tube Division, Union, N. J. 
Export Department: Carpenter Steel Co., Reading, Pa.—"CARSTEELCO” 


- guaranteed on every shipment 
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TOBIN’S PROGRAM 
(Continued from page 33) 


utilization of engineering personnel with 
the Federal Government 
2. The Council of State Governments, the 
National Association of County Officials, 
and the American Municipal Association, 
are cooperating with State employment 
services in a program outlined to the gov- 
ernors of all States to explore the possi- 
bilities of utilizing their engineering per- 
sonnel on a full time or part time loan 
basis to the Federal defense agencies, and 
to other vital defense activities 
3. The U. S. Office of Education has de- 
veloped plans for a reactivation of the 
Engineering, Science, Management War 
Training (ESMWT) program followed 
during World War II for intensive, short- 
term courses in colleges and universities. 
This National Defense Training Program 
is designed to prepare persons for specific 
employment in defense production establish- 
ments 
4. The Selective’ Service System has 
alerted all of its local boards to the need 
for giving most careful consideration to all 
cases of registrants who are found to be 
employed in the field of engineering, and 
has distributed a letter from Secretary oi 
Labor Tobin calling attention to the ser- 
iousness of the situation 
5. The Defense Manpower Administra- 
tion has been working closely with the De- 
partment of Defense regarding steps that 
may be taken to conserve engineering man- 
power with respect to both military and 
civilian personnel. 

The Bureau of Labor Statistics has 
given wide distribution to its revision of 
the present employment outlook for engi- 

TO neers. In this connection, the Bureau of 
Employment Security has requested all 
WITH | 1800 local employment service offices to 


work with officials of secondary schools and 


colleges in an effort to stimulate enrollment 
in engineering schools. 

7. The Engineering Manpower Commis- 
sion of E.J.C. has embarked on active pro- 


grams to encourage more qualified high 


. school graduates to enter engineering 
You can save money by using ANSUL schools and colleges, and to promote better 


METHYL CHLORIDE in the methylation of utilization of engineers in industry and 

amines, phenols, alcohols, hydrocarbons, etc. Government, Data have been collected by 

Based on CH3;-groups available for reaction, : E.M.C, to aid the Selective Service System 
h ethylating agents are considerably more and the Department of Defense in establish- 

§ ag y ing realistic policies with respect to the 

expensive than Ansul Methyl Chloride. draiting and recall of engineers. Plans 

Also Ansul Methyl Chloride can be convenient- been de 

ly weighed or metered for positive control of ve programs of FE.) yy direct and active 

participation of local engineering groups 

the methylation process. When methyl chlor- bb one ae throughout the country. 

i i , letin No. 901 an An- 

ide is = for — sul Technical Staff publi. PUBLICATION 

essary for transferring it. ethyl chloride, a cation. 

liquefied gas, provides its own pressure and If you wish specific in- ON AIR POLLUTION 
‘ormation regardmg me- 

facilitates handling greatly. “Air Repair,” a new magazine de- 

If you have a product to be methylated and you do roducts you wish methy- voted to the problems of air purifica- 

not have the capacity or the facilities to handle it, ated give = in 

ANSUL WILL DO IT FOR YOU. Ample facilities 

for methylation are immediately available at the cooperate wich — official publication of the Ait Pollution 
Ansul plant in Marinette, Wisconsin, | and Smoke Prevention Association of 


F s 
guirements DL. America, a 44-year-old organization 
which moved its headquarters from 


Chicago to Pittsburgh last winter. Its 
offices are now located in Mellon Insti- 
tute. The editor of “Air Repair” is 
CHEMICAL COMPANY Robert T. Griebling, a fellow of Mellon 
, Institute and executive secretary of the 
< INDUSTRIAL CHEMICALS DIVISION Association. 
IDE is avail MARINETTE WISCONSIN The Air Pollution and Smoke Pre- 


is avail- 
60 E. 42nd St., New York vention Association of America has 


MS and CYLIN: greed & Ch more than 700 members at present. 


ALSO MANUFACTURERS OF REFRIGERANTS © REFRIGERATION PRODUCTS © DRY CHEMICAL FIRE EXTINGUISHERS (More News on page 40) 


tion, was announced recently as the 
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Plants: 


Niagara Falls, N. Y. 
Morganton, N. C. 
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PRODUCTS OF 


Electrode Division 

Graphite anodes. Graphite 
and amorphous carbon elec- 
trodes. Carbon and graphite 
specialties. 

Oil and Gas Division 

Crude petroleum and natural 
gas. 


GREAT LAKES CARBON 


Carbon Division 

Petroleum coke. Calcined 
petroleum coke. Industrial 
carbons. 

Dicalite Division 
Diatomaceous silica for filter- 
aids, fillers and insulating 
uses. 


Sales Offices: 
Niagara Falls, N. Y. 


New York, 


Chicago, II! 


Pittsburgh, 


Pa 


Birmingham, Ala. 
Wilmington, Cal. 


CORPORATION 


Perlite Division 

Perlite lightweight aggregates 
and products for the building, 
oil, foundry and other indus- 
tries. Perlite ore. 


Merchant Coke Plant 
Premium foundry and indus- 
trial coke. Coke co-products. 
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TROL v _+ NIAGARA FALLS, N. Y. | 
+ 


It’s Getting the Job Done More Efficiently... 
More ically! 


You can always depend 
on Pritchard Quality 
Cooling Towers to do the 
job more efficiently . . . 
and at greater savings. 
Pritchard Towers are 
guaranteed to meet your 
peak loads as well as 
normal requirements be- 
cause they're adequately 
sized and thoroughly en- 
gineered. Manufactured 
of highest quality mate- 
rials for longer life, 
Pritchard Cooling Tow- 
ers give you trouble-free service that cuts maintenance and repair 
costs. You save more water, too... up to 99% over former waste- 
ful methods. Let Pritchard skill and experience go to work for 
you on your next cooling tower job! 


J. F. Pritchard co. 


EQUIPMENT DIVISION 
Dept. No. 158 908 Grand Ave. Kansas City 6, Mo 


Industrial cooling tower designed, engineered and 
constructed by J. F. Pritchard & Co 


Write for 
Bulletins 


Gas & Air Treating 


Specialized 
Heat Exchangers 


Cooling Towers 


District Offices: CHICAGO + HOUSTON + NEW YORK + PITTSBURGH 
* ST.LOUIS + Representatives in Principal Cities trom Coast to Coast 


FUMES—DUST 
FASTER! 

High Luality 

PRESSURE 

BLOWER 


inlet and 


| 


MFG. CO., INC. 
WEST BERLIN, N. J. 


Chemical 


CANDIDATES FOR MEMBERSHIP 


IN A.1. Ch. E. 


The following is a list of candidates for the designated 


grades of membership in A.1.Ch.E. 


recommended for elec- 


tion by the Committee on Admissions. 
These names are listed in accordance with Article III, 


Section 7, 


of the Constitution of A.I.Ch.E. 


which states : 


Election to membership shall be by vote of the Council upon recom 


mendation of the Committee on Admissions 


The names of all applicants 


who have been approved as candidates by the Committee on Admissions, 


other than those of applicants for Student membership, 
in an official publication of the Institute 


shall be listed 
If no objection is received 


in writing by the Secretary within thirty days after the mailing date of 


the publication, they may be declared elected by vote of Council. 


If an 


objection to the election of any candidate is received by the Secretary 


within the period specified, 
Committee on Admissions, 
objection, 


said objection shall be referred to the 
which shall investigate the cause for such 
holding all communications in confidence, and make recom 


mendations to the Council regarding the candidate 


Objections to the election of any 


from 


if received before October 15, 
American Institute of Chemical Engineers, 120 
New York 1/7, 


Secretary, 
East 41st St., 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


Ss. Bagdan, Bronx, 


Allen G. E. Bargmann, 
Los Angeles, Calif. 

Jasper H. Barrett, La Mar- 
que, Tex 

Paul A. Jr., Terre 
Haute, Ind. 

Rajendra . Bery, West- 
field, 

Warner A. 
Seattle, Wash. 

Wilmington, 


F. Buras, Jr., 

Philips, Tex. 

William M. Burks, Jr., 
Louisville, Ky. 

Thomas E. Burns, Redondo 
Beach, Calif. 

Newark, 

Louis V. Caserta, New 
Orleans, La. 

L. Combs, Monaca, 

a. 

James H. Conklin, Wood- 
bury Heights, N. J. 

Lawrence DeGroot, Everett, 
Wash. 

Lawrence J. Deissler, Phila., 


Pa. 
Earle E. Edge 


, Canad. 
William Gordon, Houston, 
Roland Gray, Jr., Midland, 
bet F. Hanzl, Clifton, 
Victor Ernest Hastings, 
Buffalo, N. Y. 
Jacob Hauser, Brooklyn, 
Joaquim L. Heck, Buffalo, 


Hamlet. A. Hernandez, 
Chicago, Iil. 


of these candidates 


Active Members will receive careful consideration 


1951, at the Office of the 


William Nad Hickey, Somer- 
set, 


William ‘Hing, Springfield, 
Wilton M. Hochstetler, 


Monroe, La. 

Ewart W. Hodgins, Pitts- 
field, Me. 

H. T. Hodnett, Metuchen, 


Jerome L. Hoffman, Louis- 
ville, Ky. 

George R. Jasny, Oak 
Ridge, Tenn. 

Y. Bruce Katayama, 
Seattle, Wash. 

Daniel G. Keefe, Chicago, 


Mm. 

David R. Kimber, New 
Castle, Del. 

Omer Kircher, Texas City, 


ex. 
Donald G. Knowles, Verona, 
N.J 


John R. Koehn, Lake 
Charles, La. 

Andre William 
Belle Mead, N. J 

Calvin Lee, Phila., "Pa. 

Ivan C. Lyons, Phila., Pa. 

Harold R. Ludeker, Great 
Neck, N. Y. 

—_ B. Malloy, Chicago, 


Kishan B. Mathur, Ottawa, 
Ont., Canada 

G. W. Mayben, Baton 
Rouge, La. 

John L. McKain, Chatta- 
nooga, Tenn. 

Robert C. Post, 3rd, 

N.Y. 

. Rafson, Jamaica, 


A 

Thomas A. yam Maple- 

Foster w. Reanie, Wilming- 
ton, Del. 

Alfred Sacker, Gardena, 
Calif. 

Richard F. Sanders, Akron, 
Ohio 

Dean Sandford, Walnut 


Creek, 


alif. 
Paul T. Santilli, Columbus, 
Ohio 


(Continued on page 40) 
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In general, corrosion in air preheaters occurs at the seals on the cold 
end, where corrosive sulphides and chlorides condense from hot flue 
gases on the cold metal. At this key point, Hasreccoy alloys last 3 to 
6 times longer than other metals 


Air Preheater Seals of HASTELLOY Alloy Last 1¥2 to 2 Years 
in Presence of Sulphides, Chlorides, and Metallic Compounds 


Use of preheated air has resulted in considerable sav- 
ings at several refineries where HasteLioy alloy has 
helped to eliminate the severe corrosion problem often 
encountered at the cold end of the preheater units. 
The radial, circumferential, and post seals ordinarily 
used in this service leak and overload blower motors 
after only 3 to 6 months because of the corrosive flue 
gases, which condense when they strike the cold metal. 
Before the refineries switched to HasTexxoy alloy, 
maintenance and replacement costs frequently can- 


celed out much of the saving in fuel consumption and 


TRADE-MARK 


“Hoynes” ond “Hostelloy” ore trade-marks of Union Carbide and Corbon Corporation. 
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other advantages of reclaiming waste heat from most 
reaction processes, 

Seals made from Haste roy alloy are not readily 
attacked by the refinery gases, which usually contain 
sulphides and chlorides, as well as compounds of vana- — 
dium, arsenic, and other metalloids and metals. Equip- 
ment can be run continuously for as long as 18 months to 
2 years without shutdown for the replacement of seals. 

For complete data on Hastecvoy alloys, write for 
the 40-page booklet, 
Nickel-Base, Corrosion-Resistant Alloys.” 


High-Strength, 


Haynes Stellite Company 
A Division of 
Union Carbide and ow Corporation 


Offices and Works, Kokomo, Indiana 


Les Angeles —New York —San Francisco— Tulse 
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SECRETARY'S REPORT 
S. L. TYLER 


HE Executive Committee of the 

Institute did not hold a formal meet- 
ing in August but handled the necessary 
matters to maintain the business of the 
Institute by mail ballot. 

The Minutes of the meeting of July 
11 were approved, the Treasurer's re- 
port for the month of July was ac- 
cepted and bills were approved for pay- 
ment 

All those whose names were listed in 
the July issue of Chemical Engineering 
Progress as candidates for membership 
were elected to the grades of member- 
ship indicated as no adverse votes had 
been received from the membership. 

Howard Malakoff of the New York 
Section was appointed to succeed H. W. 
Zabel as a member of the Local Sections 
Committee for the balance of 1951. 

J. B. Conway was appointed as coun- 
selor of the student chapter at Villanova 
College to succeed F. J. Blanchard. 

Five were acted upon 
and two elections to membership were 


resignations 


rescinded because of non-acceptance. 

George O. Herold, Robert G. Van de 
Vrede, Leo A. Chabot and Walter T. 
Burchak were placed on the Suspense 
List because of having entered the 
Armed Forces. They will remain in this 
non-dues paying category for their per- 
iod of Service plus six months. 


DIRECTORY 


We will soon be preparing copy 
for publication of the 1952 List of 
Members of the Institute. Will 
you please check your present list- 
ing and make sure it is as you 
wish to have it; otherwise notify 
the Secretary's Office promptly of 
any changes you wish to be made. 
The following information is re- 
quested: 


Title, employer, and preferred 
mailing address. 


CANDIDATES FOR MEMBERSHIP 


Irving Schwerd, Wilming- 
ton, 


John he S. 
Dale H. Scott, Beaver, 


wet 
Ind. 


Pa. 
David L. Sharps, Martins- 
ville, Va. Colo. 


Richard A. Spellmann, 
Aruba, N. W. I. 


W. E. Summers, Denver, 


Ivan Louis Tominack, 


Indian Head, 


1950 Transactions—The Institu- 
tion of Chemical Engineers 
(London) 


The 1950 Transactions of The Insti- 
tution of Chemical Engineers (London ) 
will be available in the near future and 
orders for them should be placed with 
the Secretary's office promptly. 

Below Table of Contents of the 
Transactions of The Institution of 
Chemical Engineers, Vol. 28 (1950), 
which is a book of 200 pages: 


Isa 


1950 


Honorary Officers and Council tor 1950 


The President, 


Annual Report of the Council for the 


Year 1949 


Balance Sheet as at Dec. 31, 1949 


Twenty-eighth Annual Corporate Meet- 
ing and Extraordinary 

General Meeting 

Annual Dinner 


The President 
President's Address : 
State 


Technology and the 


Modern Tube Still Design. By R. Scott 


Conference on the Formation and Pro- 
perties of Gas Bubbles 


\ Survey of 
Practice in 
N. Tetlow 


The 
J 


Pumping 
Industry. 


Present-day 
the Chemical 


Argon. 
and M. 


Technical 
B. Pearce, 


Production of 
B. Axon, L. R 


Ruhemann 


Diffusion Mechanism in the 
Fluids. F. H. Garner 


Acid-resistant Vitreous Enamelled Chem- 
ical Plant. G. FE. Charlish and E 
Heel ey 


Operating Conditions in High Pressure 
Plant. D. M. Newitt 


Discussion on Provisional B.S. Code 
1500 : 1949 for Fusion Welded Pres- 
sure Vessels for Use in Chemical and 
Allied Industries 


Mixing of 


Dust Collection by Impingement and Dii- 
fusion. C. J. Stairmand 


Used for the 


Compounds. 
Whitt 


Glass-lined Equipment 
Preparation of Organic 
C. H. G. Hands and F. R 


(Continued from page 38) 


Spriggs, Midland, 
Sum, W. Lafayette, 


keland, Fla. 


ton, Del. 
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Harvey C. Travers, Corning, 
Stephen L. Tyler, Jr., 
La 


Don E. Warnes, Monaca, 


Ex 


rimental Determination of Jacket 

iim Heat Transfer Coefficients for 
Merrill Oil, Dowtherm and Tetracresy! 
Silicate. E. Barton and EF. V. Williams 

Seventh Hinchley Memorial Lecture 
Chemical Engineering Experiences in 
the Metallurgical and Chemical Indus- 
tries. S, Robson 


The Associate Membership Examination 
G. U. Hopton 

The Application of Turbulent Flow 
Theory to Transfer Processes in Tubes 


Containing Turbulence Promoters and 
Packings. H. R. C. Pratt 


A Nomogram for the Calculation of Heat 
Transter Coefficients for Convection 
Without Change of Phase. J. 
Coulson and J. H. Ellinger 


Index 


The price of this volume is $5.25 and 
orders should be placed immediately 
with the Secretary's Office. 


24TH MARBURG LECTURE 
NOW AVAILABLE 


of Chemical 
scopy—24th ASTM Edgar Marburg 
Lecture, given by Wallace R. Brode, 
associate director of the National Bu- 
reau of Standards, at the 1950 Annual 
Meeting of the Society, is announced. 

Dr. Brode divides his survey of the 
extensive field of the application of spec- 
troscopy to chemical analysis into two 
major parts: (a) which 
elemental qualitative and . quantitative 
analysis is considered; and (b) absorp- 
tion, a discussion of the infrared, visual, 
ultraviolet absorption spectra as applied 
to the identification of atomic combina- 
tions und molecules. 

The author suggests limiting interpre- 
tation of the term “spectroscopy” to 
mean the science of the separation of 
radiant energy. 

The work is exceptionally well illus- 
trated with five tables and 60 figures, 
both as to technical data and half-tones 
of recording instruments. 

The 52-page booklet, heavy paper 
cover, may be obtained from the Ameri- 
can Society for Testing Materials, 1916 
Race Street, Philadelphia 3, Pa., at $1.35 
per copy. 

(More News on page 44) 


Publication Spectro- 


emission, mn 


Paul L. Wells, Marion, 


hio 
Jack Weil, Tooele, Utah 
Dean E. Werth, Portland, 


re. 
Robert W. Wilkinson, 


Pa. 
Ross O. Watson, Wilmi Baltimore, Md. 
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This 60,000 barrel per ¢rude installation 
and the 66,000 barre! per day single-stage crude unit are ‘on stream” at 
new refinery of the Esso Petroleum Company Limited at Fawley, England. 
They are but two of 14 process units being built ot this new 
in Evrope—by Foster Wheeler, the overall contractor on the entire r 


FOSTER WHEELER CORPORATION 


163 BROADWAY, NEW YORK 6, NEW YORK 


=) 
$2 


From plot plan to complete 
refinery, a Foster Wheeler 
contract provides exper- 
ienced engineering service 
for every detailed step in 
the sequence of design, 
procurement, fabrication 
and construction. 


..-more than 500 process units have been designed 
and constructed by Foster Wheeler in over 30 years 
service to the petroleum and chemical industries. 


Ww _FosTtER WHEELER CORPORATION: 
165 BROADWAY, NEW YORK New 
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REDLER Conveyors Move Cellulose Acetate 


Vol. 47, No. 9 


with SPEED ond SAFETY 


Fast, safe movement, without contamination or spillage, at 
the lowest cost per ton is the achievement of this REDLER 
Conveyor System designed and installed by S-A. Automatic 
remote control operates the system, giving fast. convenient 
handling with maximum safety and economy. The logical, 
economical solution of problems such as this has been the 
continuous record of S-A engineers for fifty years. This half- 
century, bulk-materials-handling experience can be applied 
withgreat advantage toyourown material movement questions. 

S-A engineers will gladly consult with you, without obliga- 
tion, but with the kind of experienced, versatile know-how 
that finds the right answers. 


1901-1951 


50 years experience with bulk handling ; 
STEPHEN ADAMSON 


57 Ridgewoy Avenue, Aurora, Illinois MFG. CO, Los Angeles, Colif. Belleville, Ontorio 
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REDLER 
CONVEYORS 


Cross section of standard Redier casing 
shows moterial moving in lower run 
flights returning, circuit fashion, in upper 


TENNESSER EASTMAN COMPANY 


Kingsport, Tennessee 


Three horizontal REDLER Conveyors mounted 
overhead in parallel positions convey cellulose 
acetate from storage to weigh bins Tnscharge 
outlets, gate-controlled, permit placing mate 
rial in any selected bin. Bins discharge into 
mixers on floor below. Acetate flake dissolves 
to viscous solution from which “Eastman 
Acetate Yarn” and “Eastman Acetate Staple 

are made. Material moved within enclosed 
casing of REDLERS is protected against con- 
tamination and spillage. 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 
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EQUIPMENT 


if it’s DUSTLESS 
it’s READCO 


Exclusive Dustless features of the Readco Automatic 
Weigh Hopper eliminate material losses through un- 
desirable dusting conditions 


A sliding sleeve makes direct contact with the recep- 
tacle, providing dustless discharge. Air displaced 
from the receptacle escapes through vents to the 
interior of the Hopper. 


Exceptionally accurate weighing is assured by the 
sliding sleeve construction and a specially designed 
weighing mechanism which reduces friction to an 
absolute minimum. 


Read Standard manufactures complete material 
handling systems to meet your specific requirements. 
All parts of each unit are accessible for cleaning. 
Read Standard Corporation, Bakery * Chemical Division, 
York, Pennsylvania. 


BINS * CONVEYORS + ELEVATORS = SIFTERS 


RESEARCH—A READ STANDARD SERVICE TO THE PROCESSING INDUSTRY 


HAS CHANGED. 


FORMERLY Read Machinery Divi- 
sien of The Standerd Stoker 
Company, inc. ONLY THE NAME 


Comromation 


READ STANDARD 
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DAVISON PLANS NEW 
CATALYST PLANT 

The Davison Chemical Corp. will 
erect a new catalyst plant on the Cal- 
casieu River, six miles south of Lake 
Charles, La., it was announced recently 
by R. L. Hockley, company vice-presi- 
dent. The site will provide for produc- 
tion of other chemicals also. The Lake 
Charles plant, Mr. Hockley disclosed, 
will produce a microspheroidal type of 
synthetic silica-alumina catalyst, a form 
closer to being spherical, and more uni 
form in particle size than former types. 

Cost of the plant is estimated at about 
$7,000,000. Scheduled for operation 
early in 1953, it will have facilities for 
proaucing synthetic fluid petroleum 
cracking catalyst sufficient to process 
nearly 600,000 bbl. of petroleum stocks 
day, based on average refinery use of 
cracking catalysts. 

Day & Zimmerman, Inc., of Philadel- 
phia, are engineers for the project and 
Consolidated Engineering Co., of Balti- 
more, general contractors. An “out- 
door” type of plant similar to petroleum 
refining design is planned. 

In an earlier statement, Chester F. 
Hockley, chairman and president, re 
vealed that Davison has increased facili- 
ties for catalyst production at both Cin- 
cinnati and Baltimore. He also reported 
“excellent progress” toward completion 
of the petroleum catalyst plant near 
Liverpool, England, which is being 
erected and will be operated by British 
interests under Davison’s _ technical 
supervision. Successful installation ot 
a new and improved process for the 
manufacture of granulated fertilizers in 
Davidson's Columbus (Ohio) plant is 
being followed, Mr. Hockley said, by 
similar installations in the Baltimore, 
Md.; Perry, Iowa; and Nashville, 
Tenn.: plants, with additional installa- 
tions in other plants to follow as soon 
as practicable 


KELLEX BECOMES VITRO 


The Kellex Corp. announced that it 
has changed its name to Vitro Corpora- 
tion of America. In making the an- 
nouncement Albert L. Baker, president, 
stated that the change in name became 
effective Aug. 31 and that organization, 
policies and services will continue as 
before. 

Vitro Corporation of America was 
organized under its former name in 
January, 1943, as a subsidiary of the 
M. W. Kellogg Co. During the war it 
engineered the famous gaseous diffusion 


| plant at Oak Ridge, Tenn. Since the 


war it has designed major production 
facilities for the atomic plant at Han- 
ford, Wash., and has been engaged in 
a number of vital projects for the 
Army, Navy and Air Force. Purchase 
(Continued on page 47) 
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sectional hairpin 
heat exchangers 


@ Brown Sectional Heat Exchangers, with their integral one-piece 
extended surface fintubes, reduce fouling, just a few hundredths of an inch 
of which on a tube causes a major loss in heat transfer efficiency. 


These exchangers assure efficient operation at low “skin” temperatures, 
minimizing coking and building up on the fintubes. And the controlled flow 
through the longitudinal passages keeps all the material in continuous motion. 
There are no baffles, back-eddies or stagnant areas to encourage fouling. 


For top operating efficiency and reduced fouling use Brown Sectional Heat 
Exchangers throughout your plant. Write for Bulletin No. 481. 


Sectional Hairpin Heat Exchangers 
Tank Suction and Line Heoters 


THE BROWN FINTUBE CO. 


® indirect Process Air Heoters 


Fintube Heaters for Processing Tanks 
Elyria, Okéo integrally Welded Fintubes for Any Heating, 


Cooling or Heat Transfer Service 


NEW YORK * BOSTON * PHILADELPHIA * WILMINGTON © PITTSBURGH * BUFFALO * CLEVELAND * CINCINNATI * DETROIT * CHICAGO 
ST. PAUL * ST. LOUIS * MEMPHIS * BIRMINGHAM © NEW ORLEANS * TULSA * HOUSTON * LOS ANGELES * SAN FRANCISCO 
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“We are adding 


thousands 
99 


upon thousands... 


FRANK M. FOLSOM 


President, Radio Corporation of America 


“By a simple person-to-person canvass, we are adding thousands upon thou- 
sands of serious savers to our Payroll Savings Plan. Our employees are 
eager to contribute to the strengthening of America’s defenses while they 
build their own security. They know that individual saving initiative means 
a blow at ruinous inflation. They know that is the line on which all of us at 


home can make our strongest fight.” 


“Thirty days has September.” And every one of these 
September days is a D Day. In newspapers .. . maga- 
zines... over the radio... from the television sereen 

..on billboards ... contributed advertising will urge 
every American to “Make today your D Day. Buy U.S. 
Defense Bonds.” 

September days are “D” Days for management, too 
— DP ocision Days. 

If you have a Payroll Savings Plan and your em- 
ployee participation is less than 50° ... or if you have 
not made a person-to-person canvass recently con- 
sider this your ~D” Day. 

Phone, wire or write to Savings Bond Division, U.S. 
Treasury Department, Suite 700, Washington Building, 


Washington, D. C. Your State Director will show you 
how easy it is to increase your employee participation 
to 70°C, —even 90°C —by a simple person-to-person 
canvass that places an application blank in the hands 
of every employee. He will furnish you with applica- 
tion blanks. promotional material, practical sugges- 
tions and all the personal assistance you may desire. 


Your employees. like those of the Radio Corporation 
of America and many other companies will join by 
the hundreds or thousands because they, too, are eager 
to contribute to the strengthening of America’s de- 
fenses while they build their own security. Make it 
very easy for them—through the automatic Payroll 
Savings Plan. ‘ 


The U. S. Government does not pay for this advertising. The Treasury De- 
partment thanks, for their patriotic donation, the Advertising Council and 


CHEMICAL ENGINEERING PROGRESS 


Chemical Engineering Progress 


— 

J 
—— 
ae 
— 
Ky: 
| 
fort 
| 

& 
Page 46 September, 1951 


KELLEX 
(Continued from page 44) 
of the firm by The Vitro Manufacturing 
Company, Pittsburgh, was announced 
June, 1950, by Wildey C. Rickerson, 
chairman of the board of directors. 
Main offices of Vitro Corporation of 
America will remain at 233 Broadway, 
New York, N. Y. The corporation oper 
ates research and development labora 
tories in West Orange and Jersey City, 
N. J., and in Silver Spring, Md. 


NITRIC URGED AS 
SULFURIC SUBSTITUTE 

Nitric acid can replace scarce sulfuric 
acid in processing phosphate rock for 
use in commercial fertilizers, according 
to Dr. Eugene D. Crittenden, chief of 
research, nitrogen section, The Solvay 
process division, Allied Chemical & Dye 
Corp. The shortage of sulfur and sul 
furic acid is currently the most acute 
facing the chemical industry, chemically 
based industries, and agriculture, Dr. 
Crittenden said 

Speaking before members of the Soil 
Science Society at Pennsylvania State 
College, Crittenden said that manufac- 
ture of nitro-phosphates is carried on 
today in Europe, where it has some 
economic advantages over manufacture 
of sulfur-phosphates. 

“In the United States, the Tennessee 
Valley Authority has done extensive 
pilot plant work on nitro-phosphate 
processes and on agronomic testing of 
the products,” Dr. Crittenden cantinued 
“The most successful processes studied 
by TVA were those using nitric acid in 
admixture with either sulfuric or phos 
phoric acid. The product, after granula 
tion and drying, is reported to have good 
storage properties and to give excellent 
results in crop-growing tests.” 

Substitution of nitric for sulfuric acid 
will require alterations in the whok 
technology of superphosphate manufac 
ture, including equipment, processing 
method, and product finishing steps, he 
warned. More extensive equipment is 
needed for finishing nitro-phosphate 
products than is ordinarily employed in 
producing ammoniated superphosphates 
or ammoniated complete fertilizers, but 
some of this difference may be elimi 
nated as ammoniation rates increase 

In addition to the cost considerations, 
nitro-phosphate manufacture at the 
present time would mean diverting nitric 
acid away from ammonium nitrate and 
sodium nitrate production, he continued 
However, if the sulfur shortage stimn- 
lates use of nitric acid in fertilizer 
manuiacture, nitro-phosphate processes 
may undergo a period of development 
such as occurred in the ammoniation of 
superphosphates in the period from 1930 
to the present. 

(More News on page 52 
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That's high quality metal! 

Metal destined for a high alloy 
casting which has to meet 

some pretty rigid specifications! 


The story we want to tell here is about our Testing Facilities. We have 
right in our foundry every conceivable testing facility needed when 
checking static or centrifugal high alloy castings for industry. Where 
required, we make complete chemical, metallurgical, and mechani- 
cal checks and tests. And have both a 400,000 volt X-ray unit and 
gamma-ray unit, for checking the final casting for hidden flaws. 


As we see it, the only way to assure customers of high quality cast- 
ings is to have and use all necessary facilities for testing and check- 
ing the heat, pour and finished casting. 


THE UURALU I OMPANY 


and Plant Scottdale, Pa.-EasternOitice 12 East4|st York 17, 
_ Detroit Otfice THE DURALOY COMPANY. 805 


METAL GOODS CORP Dallas @ Denver © Houston © Kansas City © New Orleans © 
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INDUSTRY TEACHES THE TEACHER 


KENNETH A. KOBE 


Chairman, Chemical Engineering Education Projects Committee, A.!.Ch.E. 


HE greatest stimulation to a student 

and the best way to drive home a 
point on the application of a principle 
is to tell the class, “The Blanko Chem- 
ical Co. at Blankville produces 50 tons 
a day of this chemical. Its profit can 
be estimated at $15 a ton.” Where is 
the instructor going to obtain the ex- 
ample that he has used in this class? 
He may read an article in the chemical 
literature or he may visit the company 
and talk with staff members. 

Industry certainly is interested in 
having the student familiar with prin- 
ciples and their operation. The student 
of today is the employee of tomorrow 
and industry is accepting its responsi- 
bility to insure that its future employee 
knows his fundamentals and can apply 
them. Contact of students and faculty 
with industry has been maintained in a 
number of ways. Industry has always 
cooperated in arranging inspection trips 
for students and faculties. Recently it 
has added the practice of inviting se- 
lected faculty members to inspect new 
facilities and discuss company policies. 
Some companies have gone further and 
set up arrangements whereby a faculty 
man can spend a year working for the 
company with a definite understanding 
that he return to his school at the end 
of that period in industry. A new 
method of contact is the industry-spon- 
sored school for faculty members, with 
the motto, “Teach the teachers.” 


The Short School Advocated 


The A.L.Ch.E. Chemical Engineering 
Education Projects Committee has now 
had for two years as one of its projects 
the organization of such _ schools 
throughout the country where the fac- 
ulty members can easily visit some local 
industry. One object of having many 
schools is to enable the younger faculty 
members particularly to make the trip 
and spend one or two days at such a 
school. There is no desire to compete 
with the A.S.E.E. and its summer 
school for teachers of chemical engi- 
neering. The school advocated by the 
Projects Committee is short, of one-day 
or two-days duration at the most and is 
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EDITOR'S NOTE 


Here in the second of the series 
of articles on A.I.Ch.E. activities, 
Kenneth A. Kobe, chairman, 
Chemical Engineering Education 
Projects Committee, tells of the or- 
ganization of schools in certain 
areas throughout the country, 
where faculty members can visit 
some local industry and chemical 
engineering teachers for a day or 
two can learn how the theories of 
chemical engineering are translated 
into practice in industry. It is 
hoped that this idea will catch on 
and that local sections of the In- 
stitute will cooperate with industry 
in adopting this practice and estab- 
lishing such educational centers. 
The first article on Institute ac- 
tivities was run in March, 1951, 
issue of “C.E.P.,” page 46. G. G. 
Brown, former President of 
A.LCh.E., and chairman of its 
Accrediting Committee, there dis- 
cussed graduate education in 
chemical engineering and the ac- 
crediting of graduate programs. 


located so that a relatively small num- 
ber of teachers will attend. In this way 
each member of a small group will 
secure the full benefits of the school. 
The group attending is limited to fac- 
ulty members who are instructors or 
higher and considered to be permanent 
staff fellows and 
others considered to be essentially grad- 
uate students are not invited to attend. 

Industry on its own initiative has 
sponsored schools during the past few 
years. Several instrument companies 
have set up schools to train teachers for 
work in instrumentation and automatic 
process control. In general, these 
courses last for about three weeks. They 
are devoted solely to the theory and 
practice of automatic control instru- 
ments and naturally each company 
school will stress the type of instruments 
produced by that company. Because of 
the specialized nature of instrumenta- 
tion courses these company-sponsored 
schools have been excellent to teach the 
teachers. 


members, Teaching 


In other fields certain trade associa- 
tions or institutes have organized 
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schools for teachers. The Diesel Engine 
Manufacturers’ Association has set up 
schools at the plants of various mem- 
bers of the organization. Usually these 
were one- or two-day schools that could 
be attended easily by faculty members 
from near-by schools. In addition, var- 
ious cooperating companies have set up 
schools for one to two weeks, much like 
the instrument schools just mentioned. 
These companies felt that such a pro- 
gram is worth while, for approximately 
40 companies each contributed $2500 to 
run the program for an initial period 
of five years. It has done much to or- 
ganize regional schools of diesel engi- 
neering and to raise the quality of in- 
struction in this field. Similar efforts 
from other groups such as the Heat 
Exchanger Institute and the Hydraulics 
Institute would be of interest to the 
chemical engineer. 


Schools—Not Inspection Trips. The 
industry-sponsored schools initiated by 
the Projects Committee have had as 
their object an intensive study for one 
day of one chemical industry or process, 
or a unit operation. Of the two schools 
already held one has been devoted to a 
study of the sulfuric acid industry and 
the other to the design and manufacture 
of heat exchangers. These schools 
showed that even one eight-hour day 
was hardly sufficient to allow time for 
the study of all desired phases of the 
industry. Every effort is made to avoid 
having these schools become inspection 
trips, which would happen if too much 
material is to be covered. It is assumed 
that the faculty member is reasonably 
familiar with the process or operation 
under discussion. The programs of the 
two schools already held give a good 
idea of how this is applied. 


Sulfuric Acid. The first school held 
was a study of one of the basic chemical 
industries, the sulfuric acid industry 
Charles M. Hickey of Consolidated 
Chemical Industries, Inc., sponsored a 
one-day school to be held at the Houston 
plant. The program was: 


8:30 Sulfur burners, pyrite burners 
Dust collection and gas purification 
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Chamber process 
Description of plant 
Inspection of plart 
Improvements in chamber plants 
Economic problems of chamber 
plants 
Lunch 
Contact process 
General description 
Kinetics of SO, oxidaticn 
Converter design 
Inspection 
Absorbers, coolers, etc 
Inspection 
Economic problems of the contact 
process 
Personnel problems in sulfuric acid 
plants 
00 Critique 
5 Adjourn 


This school was attended by nine faculty 
members from four schools. Consolidated 
Chemical Industries had 12 staff members 
present, including the gencral superintend- 
ent, sales manager, plant manager, and 
chief chemist. Questions concerning any 
phase of the industry or plant operation 
could be answered by a man who was a 
specialist in that particular phase of the 
industry. All who attended sunaite red that 
there was no question concerning the con 
tinuation of this type of professional edu 
cation. 


Heat-Exchanger Fabrication The 
second school dealt with the heat-ex- 
changer fabrication industry. E. E 
Dillman, president of Engineers and 
Fabricators, Inc. (EFCO), sponsored 
the one-day school held at its Houston 
plant. The program was 


30) Mechanical Design Sessions 
I. Introduction 
Il. Classification and Type oi 
Equipment 
III. Materials of Construction 
IV. Cost Estimation 
V. Fabrication Technique 
VI. Plant Inspection 
Lunch 
Rating Session 
. Introduction 
. Design Technique 
. Tube Side 
Shell Side 
. Condenser Design 
‘I. Reboiler Design 
\tmospheric Design 
Research Problems 


This school was attended by 11 faculty 
members and 12 members of EFCO, includ- 
ing the president, vice-president, and chiet 
engineer. Staff members attending the 
school were from Louisiana State Univer- 
sity, Texas Technological College, A. and 
M. College of Texas, the University of 
Texas, and the University of Houston. The 
technical staff of EFCO prepared many 
drawings and typical inquiry problems that 
made a set of notes for each teacher 


Expansion Desired. The success of 
these two one-day schools has made 
desirable an expansion of these schools. 
Although the members of the Project 
Committee may act as leaders, any 

(Continued on page 53) 
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Withstands Hard Usage Through and Through 


You can expect—and get—long service life from tanks, 
piping, towers and all other chemical processing equipment 
made of Haveg. 

This is true because Haveg is resistant to acids, alkalies, 
salts and solvents throughout its entire mass. It is mot a 
coating or a lining! It is a structural material with physical 
strength adequate for self-supporting equipment and with- 
stands both thermal and mechanical shock. 

Another advantage of Haveg equipment is the fact that 
alterations in design, as well as repairs made necessary 
through abuse, can be readily made on the job. 

It will pay you to investigate all the advantages Haveg 
equipment offers you. Write today for bulletin. 


“~~ 
HAVEG CORPORATION 


99 DELAWARE 
WILMINGTON 3-8884 
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if this were 
YOUR TOWER 


If this were your tower 

and it was packed with 

Berl Saddles, chances are 

it would be smaller than 

other installations while 

handling a greater vol- 

ume. The reason: Berl 

Saddles are a more effi- 

cient tower packing. Per 

unit volume they offer 

larger surface area, less 

resistance to gas flow, 

better internal distribu- 

tion and higher loading 

capacity. They are entirely acid 

proof, have a high crushing 
strength and will nor spall. 


Berl Saddles are available in 

both Knight-Ware Chemical 
Stoneware and porcelain. Both 
types are dense but non-glazed to 
provide better wetting. When 
desired, porous packings can be 
made of either material. Berl 
Saddles are available in sizes from 
14” to 
Write for data sheet No. 13-F 
which gives information on 
Knight-Wore Tower Packings, 
including Raschig Rings, Spiral 
Rings and Partition Rings. 


MAURICE A. KNIGHT 
709 Kelly Ave., Akron 9, Ohio 


LOCAL SECTION NEWS 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the A.I.Ch.E. Program Committee 


Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y. 


MEETINGS Toronto, Canada. Royal-York, April 


Annual — Atlantic City, N. 27-May 2, 1953. 


Chalfonte-Haddon Hall Hotel, 
Dec. 2-5, 1951. Annual—St. Louis, Mo., Hotel Jef- 


4 = terson, Dec 13-16, 1953 
Technical Program Chairman: 


Frank J. Smith, Pan American 
Petroleum & Transport Co. 122 
SYMPOSIA 
East 42nd St., New York 17, N. Y. 
Opportunities in Sales for Chemi- 

Atlanta, Ga, Atlanta Biltmore cal Engineers 

Hotel, Mar. 16-19, 1952. Chairman: F. J. Curtis, Monsanto 
Technical Program Chairman: H. E. Chem. Co. 75 Rust Bldg., 1001 

O'Connell, Ethyl Corp., Box 341, 15th St. N.W., Washington 5, D.C. 

Baton Rouge, La. Meeting—Atlantic City, N. J 


French Lick, Ind., French Lick Chemical Engineering Funda- 
Springs Hotel, May 11-14, 1952. mentals 

Technical Program Chairman: W. 
W. Kraft, The Lummus Co., 385 
Madison Avenue, New York, 
4 


Chairman: W. C. Edmister, Chem 
Eng. Dept., Carnegie Inst. of 
Tech., Pittsburgh 13, Pa. 

Meeting—Atlantic City, N 


Chicago, Ill, Palmer House, Sept. 
4-6, 1952. 

Technical Program Chairman: 
D. A. Dahlstrom, Chem. Eng. 
Dept., Northwestern University, 
Evanston, 


Effective Speaking 


Chairman: L. P. Scoville, Jefferson 
Chem. Co., 711 Fifth Ave. New 
York 22, N. Y. 

Meeting—Atlantic City, N. ] 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec Vacuum Engineering 
7-10, 1952. Chairma w. W Krait, The 
Technical Program Chairman: R. L Lummus Co. 385 Madison Ave- 
Savage, Dept. Chem. Eng., Case nue, New York, N. Y. 
Inst. of Tech., Cleveland 6, Ohio Veeting—French Lick, Ind 


Authors wishing to present papers at a scheduled meeting of the A.1.Ch.E. 
should first query the Chairman of the A.I.Ch.E. Program Committee, Walter 
E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor’s 
office. Manuscripts not received 70 days before a meeting cannot be considered. 
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SOUTH TEXAS 
Sixth Annual Technical Meeting 


More than 400 executives, chemical 
engineers, and students from Gulf Coast 
industries and universities are expected 
to assemble in the Hotel Galvez, Galves- 
ton, Tex., Oct. 19, 1951, for the Sixth 
Annual Technical Meeting of the South 
Texas Section of the American Institute 
ot Chemical Engineers 

The all-day program will include 
three technical sessions, a student ses- 
sion, 25 industrial exhibits, a cocktail 
hour, and an evening banquet. Francis 
J. Curtis, vice-president of Monsanto 
Chemical Co., and a former President 
of the A.I.Ch.E., will be the banquet 
speaker. 

The technical sessions will include 
papers on catalytic reforming, waste dis- 
posal, and‘ heat transfer. The student 
session program has been aimed at ac 
quainting senior chemical engineering 
students with their prospects and 
problems after graduation. Assisting 
W. B. Franklin of Humble Oil & Re- 
fining Co. as general chairman of the 
1951 technical meeting is J. A. Lee, 
Southwestern Editor of Chemical Engi- 
neering, who is program chairman. Ar- 
rangements are being handled by D. A. 
Smith; D. P. Delavan will be in charge 
of registration, C. L. Fitzgerald, Jr., in 
charge of exhibits, and N. H. McKay 
is handling publicity. (See November 
issue, “C.E.P.” for a report on the meet- 
ing.) 

Reported by N. H. McKay 


SOUTHERN CALIFORNIA 


At the Aug. 21 meeting held at 
Seully’s Cafe, Los Angeles, Chauncey 
Starr, technical director, atomic research 
department, North American Aviation, 
Inc., talked on the technological proc- 
esses involved in the operation of nu- 
clear reactors. Dr. Starr reviewed the 
tlow of materials from the raw ore to 
the final products and followed with an 
analysis of electric power production 
from nuclear reactor operation with 
emphasis on the economic aspect. 

At a previous dinner meeting some 
%4 members and guests heard W. C. 
Edmister, professor of chemical engi- 
neering, Carnegie Institute of Technol- 
ogy, explain some new concepts in the 
application of phase equilibria to the de- 
sign of hydrocarbon separation equip- 
ment. A highlight of the evening oc- 
curred when Walter A. Schmidt, mem- 
ber of the Institute since 1915 and presi- | 
dent and general manager of Western 
Precipitation Corp., introduced old-timer 
J. G. Dean who joined A.L.Ch.E. when 
it was founded in 1908. Others intro 
duced were J. W. Barr, head of chemical | 
and chemical engineering enterprises of | 


(Continued on page 53) 
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The high-pressure dehydration unit here illustrated 
is a property of the United Gas Pipe Line Company 
at Carthage, Texas. It represents the most advanced 
design, construction, and operating technique; and 
the drying agent employed is FLORITE DESICCANT 
The Stone & Webster Engineering Corporation, who 
designed and constructed the plant, are users of 
FLORITE in various types of equipment, large and 
small, for oil and gas companies and for other 
branches of industry. 


Natural gas, propane, butane, gasoline, air, nitrogen, 
carbon dioxide, refrigeration compounds, all are 
treated with superior drying efficiency by use of 
FLORITE. Selectively adsorbs 4 to 20% its weight 
of water—is regenerated by heating to 350°F. Write 
for literature, namesof important usersin yourownfield. 


COMPANY 


Adsorbents... Desiccants... Dilvents 


Dept. O, 220 Liberty St., Warren, Pa. 
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PURE 
WATER 


AT LOWEST COST 


WITH 


BARNSTEAD 
DEMINERALIZERS 


FOR 
of Coated 


aper 
@ Ceramics 
@ Optical Mfg. 
@ Rectifying Liquor 
@ Coating Solutions 
@ Aircraft Research 
@ Washing Ampules 
@ Laboratories 
@ Pharmaceuticals 


@ Mirror Silvering 

@ Anodizing 

@ Boiler Feedwater 

®@ Plating 

@ Cosmetics 

@ Television Tubes 

@ Battery 
Maintenance 

@ Electroplating 
Ore Floatation 


In countless processes better results are 
obtained, when pure water — free from 
harmful minerals is used. In fact, hun- 
dreds of manufacturers have already 
found that they save money, have fewer 
rejects and get a better product with 
Barnstead Demineralized Water. The cost 
is extremely low — as little as Se per 
1000 gallons. Operation is very simple. 
And with a Barnstead Demineralizer, you 
get the benefit of more than 75 years 
of specialized experience in water puri- 
fication. Write for Catalog #123. 


THESE FIRMS — AND MANY OTHERS — 
ARE NOW USING BARNSTEAD DEMINERALIZERS 


Air Reduction Sales Co. — American 
Mirror Works — Haloid Corp. — Eitel- 
McCullough Company — Tung-Sol Lamp 
Works — Remington-Rand — R.C.A, — 
National Bureau of Standards — Wyeth, 
Inc. — General Electric Co. — Polaroid 
Co. — Hercules Powder Co. — Standard 
Oil Development — International Har- 
vester Co. — Koppers Co. — Behr- 
Manning Co. — Ford Motor Company 
— University of California — Marquardt 
Aircraft —- Sarkes-Tarzian Co. — Dewey 
& Almy — Monsanto Chemical Co. 


PROMPT DELIVERIES ON MOST MODELS 


NEWS 


(Continued from page 47) 


OTHMER FOR JAP SWITCH 
FROM ACETYLENE 


The future of the chemical industry 
in Japan, which has developed an output 
of vinyl plastics second only to that of 
the United States, depends on the pro 
duction of chemicals from petroleum 
specifically processed for that purpose, 
instead of the acetylene now in use, 
Dr. Donald F. Othmer, head of the 
department of chemical engineering of 
the Polytechnic Institute of Brooklyn, 
declared last month at a meeting of the 
Association of the Japanese Chemical 
Industry m Tokyo. 

According to Dr. Othmer, who ts in 
Japan on an inspection of the chemical 
and related the switch in 
starting materials must be made 


industries, 
since 
the cheap electric power, hitherto de 
pended upon, +s not available for future 
expansion of the industry because of the 
increasing cost of building hydroelectric 
power stations. 

In his capacity as an adviser to the 
chemical industry on 
chemical developments, Dr. Othmer told 
the members of the Association that his 
first conclusion is that the fundamental 
Japanese chemical industry based on 
acetylene, cannot grow indefinitely to 


Japanese new 


supply the large export market nor even 
the domestic market with all the chem 
icals which may be made therefrom. 
The increasing cost to the Japanes« 
chemical industry of electric power and 
of the required new hydroelectric instal 
lations is such that the necessary expan 
sion for the desired chemical export 
market must be met by other chemical 
raw materials than acetylene. 
\ second conclusion is that other 
chemical sources must be developed and 
that most promising is the production 
of the chemicals manufac 
tured, by a different route from petrol 
eum as a starting material rather than 
from acetylene. As one method for pro 
ducing the chemicals from petroleum 
Dr. Othmer recommended the Caterok 
Process of producing two fundamental 


same now 


types of chemical raw materials. 

These and propylene 
which can replace acetylene and mak« 
many other chemicals as well or better 
and benzol, toluol, styrene others 
which are the basis of chemicals useful 
in the ¢ye and pharmaceutical industry 

Dr. Othmer that scores of the 
most im ortant chemicals of modern in 


are ethylene 


and 


said 


dustry are being produced by the Cater 
The Caterok 
Process is catalytic as contrasted to the 


ole Process in England 

thermo processes used in the U.S 
Caterole Process eliminates high pres 

sures required in thermo processes. 


operation. 


6 Cubic Feet of 
Controlled Air 


When humidity and temperature are im- 
portant here is a cabinet that provides about 
6 cubic feet of controlled air . 
and wet bulb temperatures can be main- 
tained within 1 


The air is constantly circulated and uni- 
form conditions are maintained automatic- 
ally; heated by an electric coil, cooled by a 
coil of water (or other coolant), humidified 
by a spray chamber, dried by a mechanical 
device needing no attention. 

Units are available with temperature 
ranges from 40° F. to 140° F. 


. . both dry 


F. as long as the unit is in 


AIRE-REGULATOR 


Models from $ to 1000 gelions per hour Constont Temperature and Humidity Cabinets 


Now in use by many prominent laboratories 
in food, research, paint, pharmaceuticals, ete.— 
names on request. Write for bulletin and tell us your requirements. 


5907 NORTHWEST HIGHWAY 
Food Technology, Inc. cuicaco 31, ILLINOIS 


STILLS STERILIZEN CH, 


82 Lanesville Terrace, Boston 31, Mass. 
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INDUSTRY TEACHES THE 
TEACHER 


(Continued from page 49) 


faculty member is invited to initiate 
such a school in his region. 

Local sections of A.I-Ch.E. would be 
willing to work with faculty members to 
arrange for a company, or more than 
one company in the same industry, to 
put on a school. It is desirable to have 
more than one company participating 
when different processes or types of 
equipment are used in the industry. 

This industry-sponsored school has 
been successful in bringing together the 
engineers of industry with the chemical 
engineering teachers for a day in which 
industry tells and shows how the prin- 
ciples taught at school are used in in- 
dustry. Such contacts stimulate the 
teachers, who in turn stimulate the 
students and such stimulation can only 
result in better instruction and better- 
trained students going to industry. 


CONFERENCE ON FLUID 
MECHANICS IN MARCH 


The Second Midwestern Conference 
on Fluid Mechanics is to be held at The 
Ohio State University, Columbus, 
March 17-19, 1952. It is sponsored by 
the American Institute of Chemical 
Engineers (Columbus Section), other 
engineering societies, and leading organ- 
izations interested. The technical cover- 
age is intended to be broad. Papers deal- | 
ing with new applications or new theo- | 
retical or experimental methods and/or | 
results will be appropriate 

To be considered, complete papers or 
abstracts, should be submitted to the 
chairman of the editorial committee be- 
fore Dec. 1, 1951. Papers must not be 
longer than 3000 words or their equiva- 
lent. 

It is intended that the Proceedings 
will be published. In order to make 
possible an early publication date and 
facilitate proper programming, Feb. 1, 
1952, has been set as the final date for 
submitting a complete manuscript. 

Inquiries should be addressed to the 
secretary of the Conference. On the 
Conference committee for the chemical 
engineering department is Prof. Charles 
E. Lapple, Ohio State University. 


LOCAL SECTION NEWS 


(Continued from page 51) 


the Union Pacific Railroad and 
A.LCh.E. member since 1915, and | 
Richard O'Mara, another old-timer 


Reported by Gale S. Peterson 
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(Below) Vertical Acid Pump for 
outside mounting. 


| 


VERTICAL 
ACID ano CHEMICAL PUMPS 


The vertical acid pump illustrated here shows how Lowrence 
engineers met a particularly difficult pumping problem. Chemical 
action made it imperative to eliminate packing. While packing is 
used below the top bearing to confine fumes, it does not come in 
contact with the acid because the liquid level of the supply tank is 
kept below that point. This construction is typical of Lawrence ad- 
vanced engineering design. 

Other design features of Lawrence pumps for acids and chemi- 
cals include the use of metals and alloys carefully chosen to give the 
best possible protection against the corrosive and abrasive action 
of the liquid pumped, as well as structural strength 
and long wear. 

If you have to pump any acid or chemical, hot 
or cold, write us the pertinent details. No obligation. 


Send for bulletin 203-4 for a 
complete summary of acid and 
chemical pump dete. 


LAWRENCE 


MACHINE & PUMP CORPORATION 
375 MARKET STREET, LAWRENCE, MASS. 
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FOR EXACTING 
TECHNICAL APPLICATIONS 


VITREOSIL* (vitreous sil- 
ica) tubing possesses 
many characteristics you 
seek. A few of its proper- 
ties are: Chemical and 
catalytic inertness. Use- 
fulness up to 1000°C and 
under extreme thermal 
shock. Homogeneity and 
freedom from metallic 
impurities. Unusual elec- 
trical resistivity. Best 
ultra-violet transmission 
(in transmission quality). 
VITREOSIL tubing avail- 
able promptly from 
stock in four qualities. 


TRANSPARENT 
SAND SURFACE 
GLAZED 

SATIN SURFACE 


‘Can be had in all 
normal lengths. 


THE THERMAL SYNDICATE, LTD. 
14 BIXLEY HEATH 


LYNBROOK, N. Y. 


PEOPLE 


Charles H. Prien of the college of 
engineering, University of Denver, has 
been appointed ad- 

‘ministrator of the 

newly created inter- 

national division of 

the Institute of In- 

dustrial Research 

of the university. 

Dr. Prien, who re- 

ceived his Ph.D. in 

chemical engineer- 


a ing at Purdue Uni 


versity, served from 
1947-48 as U. S. technical liaison agent 
for Agricultural Industry Service, a 
program of Rehabilitation Affairs. He 
has acted as a consultant to the United 
Nations 
Frank J. Soday was recently appoint- 
ed research and development director at 
the new synthetic fiber laboratories be 
ing built for the Chemstrand Corp. at 
Decatur, Ala. Dr. Soday holds approxi 
mately 130 U.S. patents, principally in 
the field of petrochemicals, and has writ- 
ten many articles on related subjects. 
Proctor H. Avon has been appointe:! 
division engineer of Monsanto Chemical 
Co.'s Merrimac Graduated 
with honors from Harvard in 1937 
where he obtained an A.B. degree 
in engineering . sciences, Mr Avon 
joined Monsanto in June of that year. 
In 1941 he was named assistant design 
engineer. He became design engineer 
for the Merrimac division in 1947. 


division 


Paul F. Steinhoff was recently ap- 
pointed senior engineer in the process 
engineering department of the chemical 
plants division of Blaw-Knox Co., Pitts- 
burgh, Pa. Mr. Steinhoff has had 10 
years’ experience in chemical and proc- 
ess engineering and goes to Blaw-Knox 
from Procter & Gambie. He is a chem 
ical engineering graduate of the Mis- 
souri School of Mines. 

Carl O. Hoyer, formerly chief engi 
neer, was recently appointed director of 

the general engi- 
neering department 
of Chemstrand 
Corp., Philadelphia, 
Pa. Mr. Hoyer 
went to Chemstrand 
from his position as 
division engineer of 
the plastics division 
in Springfield, 
Mass., of the Mon- 
santo Chemical Co., 
one of the parent companies. Mr. Hoyer, 
who received his B.S. degree in chemi- 
cal engineering from Washington Uni- 
versity, had been associated with A. H 
Vogel and John Palvey, St. Louis, Mo. 

John J. Healy, Jr., was recently ap- 

pointed assistant to Dr. Carroll A 
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Hochwalt, vice-president in charge of 
research, development and patent activi 
ties for the Monsanto Chemical Co., St. 
Louis, Mo. Mr. Healy received his B.S 
degree trom Massachusetts Institute of 
Technology in 1921 and joined the Mer 
rimac Chemical Co. the same year. Mon 
santo acquired that company in 1929 and 
a year later Mr. Healy became an as- 
sistant in technical service for the com- 
pany's new Merrimac division. He later 
was appointed director of development 
and in 1947 was made assistant general 
manager 


Henry Dutot has been assigned to the 

Ohio and Southwestern Michigan area 

of American Cy 

anamid, New York, 

and will make his 

headquarters in 

Cleveland. Mr. Du- 

tot, who has been 

with the company 

since 1935, former- 

ly spent 11 years 

working with poly- 

ester, melamine and 

urea resins. For a 

time he dealt with special sales service 

problems, then later was transferred to 

his most recent position as technical rep 

resentative for melamine and urea mold- 
mg compounds in the Ohio area 


S. C. Ogburn, Jr., director of re- 
search and development, Foote Mineral 
Co., is serving on the General Commit- 
tee for the 1951 meeting of the Ameri- 
can Association for the Advancement of 
Science and is also on the sub-committee 
on exhibits of the Annual Exposition of 
Science and Industry. Members of this 
national group will meet in Philadelphia 
in December. Dr. Ogburn is also serv- 
ing on the committee of Professional 
Relations in the section of the 
American Chemical Society 

R. W. Sudhoff, who has been asso- 
ciated with the early stages of develop- 
ment of Acrilan, the Chemstrand Corp.'s 
new acrylic synthetic fiber, has been ap- 
pointed associate director of develop- 
ment at the company’s new plant at De 
catur, Ala., where this new 
be produced 


local 


fiber is to 


Kenneth S. Valentine has heen elect- 
ed president and Laurence C. Johnston 
secretary-treasurer respectively of the 
new organization formed by sales engi 
neers, called Chemical Equipment Sales 
Engineers Association. Mr. Valentine. 
an alumnus of the Columbia University 
school of chemical engineering, is dis- 
trict manager for the Patterson Foun- 
dry & Machine Co.. New York. Mr. 
Johnston, a graduate of the University 
of Michigan, is district sales manager 
in New York for the Brown Fintube 
Co., Elyria, Ohio. 
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L. Calvin Palmer was recently ap- 
pointed engineering director of Mutual 
Chemical Co. of 

America, Balti- 

more, Md. Mr. Pal- 

mer, who received 

his M.S. from Lou 

isiana State Uni- 

versity, joined the 


| Direct saving of cooling water expense returns to you 
the cost of a Niagara Aero After Cooler 


in less than two years. 


company in 1945 as | 


project engineer. 
During World War 
II he served as a 
Major in the Chem- 
Wartare Service and spent five 
years at Edgewood arsenal where he 
was chief of the plant design group. 


ical 


Darrell E. Mack, former professor 
of chemical engineering and director in 
that department, at Lehigh University, 
Bethlehem, Pa., recently became assist- 
ant to the technical director of the Im- 
perial Paper & Color Corp., Glens Falls, 
N. Y. Mr. Mack, formerly with the 
Niacet Chemical Corp. and the Carbor- 
undum Co., had been with Lehigh Uni- 
versity for ten years. He received his 
M.S. in chemistry from Niagara Uni- 
versity and his Ph.D. in chemical engi- 
neering from Purdue University. 


Morton Smutz, formerly 
professor of chemical engineering at 
sucknell University, Lewisburg, Pa., is 
now associated with Iowa State College, 
Ames, lowa 
of chemical 
Professor 


assistant 


He is in the department 
and mining engineering. 
Smutz, who received his 
Ph.D. degree in chemical engineering 
trom the University of Wisconsin, had 
previously associated with the 
Monsanto Chemical Co., Monsanto, III. 


heen 


Norman Price, formerly with the 
Foster Wheeler Corp. of New York 
has joined the 
chemical equipment 
division of the Gen 
eral Ceramics and 
Steatite Corp. at 
Keasbey, N. J. Mr. 
Price, who received 
his M.S. degree 
New York 
University, where 
he has been an eve- 
ning instructor the 
past several years, was an engineering 
officer in the Marine Corps. 


R. L. Heider and W. H. Lane have 
been promoted to the positions of assis- 
tant research directors of the Monsanto 
Chemical Co., Texas City, Tex. In his 
new position Dr. Heider will be admin- 
istrator of organic and physical pro- 
grams. Dr. Heider obtained his B.S. 
degree in chemical engineering from 
Northwestern University and his Ph.D. 
degree in organic chemistry at Purdue 
University. He joined Monsanto in 
1941 as a research chemist in its plant 


from 
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How to Get 
Drier Compressed Air: 


It prevents many troubles and saves 


much expense 


@ NIAGARA AERO AFTER 
COOLER cools compressed air 
or gas below the temperature of 
the surrounding atmosphere. 
Therefore you get no further con- 
densation in your lines. You save 
much in repairs to pneumatic 
tools and equipment; you save 
much interruption to production; 
vou save water damage in paint 
spraying, in air cleaning, in any 
process where compressed air 
comes in contact with your mate- 
rials or parts in manufacturing 
(sand blasting, for example). 
Niagara Aero After Cooler 
uses evaporative cooling, saving 
95% of your cooling water con- 


sumption. This saving quickly 
returns the cost of the equipment 
to the owner or makes extra coo!l- 
ing water available for othe: 
processes. 

The Niagara Aero After Cooler 
produces compressed air with 
300% to 50% 


by ordinary cooling methods. 


less moisture than 


Other Niagara equipment pro- 
vides bone-dry air for processes 
requiring it. 

If you have an air problem | 
or a cooling problem, a Niagara 
engineer probably has an answer 
that will improve your process or 
save you operating or mainte- 
nance expense, 


Write for Bulletin 98 


NIAGARA BLOWER COMPANY 


Over 35 Years Service in Industrial Air Engineering 


Dept. EP, 405 Lexington Ave. 


New York 17, N.Y. 


Experienced District Engineers in all Principal Cities 
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Foau's a Fraud...Kill it With 


DOW CORNING 
ANTIFOAM A 


To get the most out of your 
process equipment, add a trace 
of Dow Corning Antifoam A 
and use the space you've been 
wasting on foam. You'll process 
most of your most violent 
foamers, even under vacuum or 
continuous heat, without waste 
or hazardous overflow. 

That's because Dow Corning 
Antifoam A kills foam faster and 
in a wider variety of foamers 
than any other material known. 
Practically odorless, tasteless 
and non-toxic, it is safe to use 
in food and drugs at concen- 
trations up to 10 parts per 
million—many times the con- 
centrations normally required. 

That kind of efficiency makes 
Dow Corning Antifoam A the 
most economical as well as the 
most versatile defoamer avail- 
able. 


See for Yourself 
Send Your 


Dow Corning Corporation, 
Dept. AS-9 
Midland, Michigan 

Please send full information and o free 


Dow CORNING CORPORATION 


MIDLAND. MICHIGAN 


at Dayton, Ohio. In 1950 he was trans- 
ferred to Texas City as research group 
leader. Dr. Lane will be administrator 
of pilot plant activities in applied 
research at the Monsanto Chemical 
Co., Texas City, Tax. Dr. Lane, 
who received his B.S. degree from Rice 
Institute and his Ph.D. at the Institute 
of Paper Chemistry at Appleton, Wis., 
has been with Monsanto since 1942. He 
joined the company as research chemist 
in the plastics division, Springfield, 
Mass., and in March, 1943, transferred 
to Texas City as research chemist in 
styrene production. 


NEW APPOINTMENTS AT 
ALUMINUM ORE CO. 


Three appointments have recently 
been made to new positions at the Baux- 
ite (Ark.) plant of the Aluminum Ore 
Co., according to an announcement by 
A. B. Williams, president of the Alumi 
num Ore Co. They are Ralph FE. Whit 
son, Albert B. Kaltwasser and L. A. 
\dams. 

Mr. Whitson, who holds an M.S. de 
gree in chemical engineering from the 
State University of lowa and who for 
merly was a senior research chemist in 
the chemical development division of 
Aluminum Research Laboratories, East 
St. Louis, Hl., has been appointed Works 
Chief chemical engineer. 

Mr. Kaltwasser, who holds a B.S. de 
gree chemical engineering from 
Washington University, St. Louis, Mo., 
and who formerly was a senior research 
engineer in the chemical development 
division of Aluminum Research Labo 
ratories, East St. Louis, has been ap 
pointed assistant production superin 
tendent. 

Mr. Adams, who holds a B.S. degree 
in chemical engineering from Washing 
ton University, St. Louis, Mo., has been 
appointed chief chemist. He will assume 
his new duties on approximately Jan. 1 
1952. At the present time, Mr. Adams 
is a research chemist in the chemical de 
velopment division of Aluminum Re 
search Laboratories, East St. Louis, Ill 


George E. Symons, former managing 


| editor of Water & Sewage Works, New 


York, N. Y.. re- 
cently resigned 
from that position 


to devote his ener- | 


gies to the estab 
lishment of an in- 
dependent —consult- 
ing service. Dr. Sy- 
mons, a graduate of 
the University of 
Illinois, has had ex- 
perience as a teach- 
er, researcher, operator, lecturer, col- 
umnist, editor, and consultant, and has 
been the author of numerous published 
articles and reports. 
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PORTABLE MIXERS 


@ POWERFUL 

@ EFFICIENT 

@ EASILY CARRIED 
from batch to batch 


One Typhoon serves 
several tanks. Provides 
high efficiency agi- 
tation in a wide 
range of viscosi- 

ties! Write 

for Mixer 

Book. 


DIRECT 
DRIVE 


For mixing, 


dissolving, 

ond suspen- 

sion of solids 

in liquids. For agi- 
tation of light 
and medium 
viscosity li- 
quids. Can be 
mounted on 
any open tank 
or vessel. 


GEARED DRIVE 
For liquids of 
heavier type 

or of viscous 
nature. Hondles 
products up to 
4000 centipoises. 


The Patterson Foundry and 
Machine 
East Liverpool, Ohio, U. S. rol 


NEW YORK BOSTON BALTIMORE 
DETROIT 
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Charles W. Perry, recently chief 
process engineer for the Phillips Pe- 
troleum Co., Bar- 

tlesville, Okla., has 

joined the Wyan- 

dotte Chemicals 

Corp., Wyandotte, 

Mich., as assistant 

manager of engi- 

neering and design. 

Mr. Perry, who re 

ceived his Dr. Eng 

degree from Johns 

Hopkins Univer- 

sity, was formerly associated with 
Merck & Co., Rahway, N. J.. U. S. In- 
dustrial Chemicals, Inc., Baltimore, Md., 


ind the Shell Oil Co., EF. Chicago, Ind. 


George W. Minard recently resigned 
his professorship at the University of 
Toronto to accept an appointment as 
assoc ate professor of chemical engi- 
neering at Bucknell University, Lewis 
burg, Pa. Dr. Minard, who received his 
Ph.D. in chemical engineering from 
Ohio State University, had been asso 
ciate professor of chemical engineering 
at the University of Utah prior to his 
transfer to Canada. He was also asso 
ciated with the Utah Oil Refining Co., 
Salt Lake City, Utah, and for some 
months was in responsible charge of the 
naphtha isomerization unit 


H. M. Hart, group leader in the re 
search laboratory at the Sugar Creek 
(Mo.) refinery of Standard Oil Co 
(Ind.) has been promoted to assistant 
superintendent of technical service at 
Whiting. Mr. Hart became associated 
with the company as a chemical engi 
neer at Whiting in 1940 following grad 
uation trom Montana State College. 
\fter service as a group leader with 
Utah Oil Refining Co. from 1943-45, he 
returned to Standard Oil Co. (Ind.) as 
a group leader at Sugar Creek 


Roy G. Heminghaus, formerly gen- 
eral manufacturing superintendent of 
Monsanto’s John F. 

(Queeny plant in St. 

Louis, was recently 

appointed plant 

manager of the 

company’s subsid- 

iary plant, Chem- 

strand, under con- 

struction at Pensa- 

cola, Fla. He will 

act as top coordina- 

tor for this new 

project which is to promote the produc- 
tion of nylon and will make his head- 
quarters at Wilmington, Del. Mr. Hem- 
inghaus recently completed 20 years of 
service with Monsanto, 


Harold J. Kandiner, formerly with 
the UL. S. Bureau of Mines, Bruceton, 


LESS DOWN 


WITH 


SPARKLER 
FILTERS 


A matter of minutes not 
hours for a complete 
change of plates in 

a Sparkler filter. 


No shut down of produc- 
tion to dismantle and clean 
each plate separately, then 
reassemble the complete fil- 
ter, with hours of lost oper- 
ating time and a messy 
clean up job. 


The complete plate car- 
tridge assembly is hoisted 
out of the Sparkler filter 
tank and a clean set of plates 
lowered in position and the 
filter is working again in a 
few minutes. Can you do 
this with your present filter? 


One Sparkler filter with 
an extra set of plates is 
equal to two filters for con- 
tinuous Operation in most 
chemical production line 
installations, 


Write Mr. Eric Anderson for per- 
sonol engineering service on your 
porticular filtering probl 


SPARKLER MANUFACTURING COMPANY 


Pa., recently joined the Barrett Divi- 
sion, Allied Chemical & Dye Corp., | Mundelein, Ill. 
Frankford, Philadelphia, Pa. | 
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Mark E. Putnam has been elected by 


. ba the Board of Directors of the Dow 
Ways You Will Benefit Chemical, Mi. 


land, Mich., to the 


newly created posi- 
n he tion of executive 
8 vice-president. He 


joined the company 
| 7 as a research chem- 

ist and rose through 

Various supervisory 

2rd “4 | positions to produc- 

| tion manager. Dr 

| Putnam, whose 
Xposition 0 > service with Dow dates back to 1915, 


has been a director since 1941 and a 


E A L vice-president since 1942. 


Charles F, Eck, formerly a project 


leader in the process engineering de- 
4 D 4 € partment, has been made assistant di- 
= rector of process engineering for the 


Monsanto Chemical Co., Texas City, 
Grane Central Palace 


Tex. Mr. Eck, who received his M.S. 

New York City an degree from Virginia Polytechnic Insti 

| tute, joined Monsanto in 1941 at the 

4 Dayton, Ohio, plant, was later trans- 

ferred to the St. Louis plant, and came 

to Texas City in 1942 as priorities su- 

pervisor during the construction of the 

~ DECEMBER 1 plant. He was then shift supervisor in 

the production department until 1945 

when he was transferred to the research 

department. He became a member oi 

the newly organized process engineer- 

ing department, following the Texas 
City disaster. 


Having first-hand knowledge of the newest chemical creations wes 
of latest trends and developments in chemical processing equip- 
ment, materials, methods, and techniques - +. Was never more 
important than NOW. You need this information to successfully Ernest W. Reid, 
cope with the unprecedented production demands, rising costs, | president of the Corn Products Refining 
material shortages, regulations, and other new problems of today’s =| Co. was referred to in the June issue 
defense economy. In no other way can you get so much help app | of “C.E.P.” p. 55, has been chosen to 
on so many problems . . . in so little time .. . as at this great receive the Chemical Industry Medal for 
Exposition. 1951. The medal will be presented to 
Ir. Reid, Nov. 2, 1951, at a “etl 
Plan now to attend. It is a timely opportunity for you and your 
of Chemical Industry, following a din- 
1. OBSERVE and STUDY over 400 informative exhibits and first- ner in his honor at the Waldorf Astoria, 
hand demonstrations of 247 different kinds of products for all phases New York City. 
of the chemical industry. 


whose election as 


J. L. Christian was recently elected 
=XAMINE equipment for related fields—it may suggest improve- a vice-president of the Monsanto Chemi- 
ments for your plant or products. | cal Co., St. Louis, Mo. Mr. Christian, 
a graduate of Alabama Polytechnic In 
stitute, has been general manager of 
the company’s phosphate division since 
SURVEY the latest precision apparatus for testing characteristics 1948. He became affiliated with Mon 
of manufactured products, and controlling quality. santo when that company acquired in 


1935 the Swann Corp. of Anniston, 
INSPECT new methods of packaging—new processing and handling Ala., where he had been employed since 


equipment—new laboratory and process instruments. 1933. He was subsequently with the 


DISCUSS personally your problems on availability of materials elemental phosphorus plant in Columbia. 


and equipment, with technical men in your own and related fields. nay later becoming manager of that 


INVESTIGATE the latest developments in structural materials 
which are revolutionizing equipment design. 


7 ials thods of saving production 

Robert H. Berg recently joined the 
engineering staff of International Min- 
erals & Chemical Corp., Chicago, Ill., as 
process control engineer. He was for- 
merly a field engineer with the Fischer 
& Porter Co. and a project engineer for 
Management International Exposition Co. Panellit, Inc., both of Chicago. 


INCREASE your importance to your company by informing your- 
self about advances demonstrated at this Exposition. In this way 
you will be better equipped to improve the operating efficiency of 
your plant. 
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C. F. Fryling joined the research 
department of Koppers Co., Inc., Sept. 1. 
Dr. 
supervise special 
research projects of 
a pioneering nature. 
\ native of New- 
ark, N. J., Dr. Fry- 
ling was graduated 
from Lafayette 
College with a B.S. 
degree, and later 
obtained his Mas- 
ters and Doctors 

York University 
National Research 


New 


was 


from 
he 


degrees 
For a time 
Council Fellow at Princeton University 

He entered industrial research work 


with the General Electric 
1926 joined the Combustion Utilities 
Corp. From 1931 to 1936, he was senior 
chemist with the Geochemical section 
of the Illinois State Geological survey 
From 1937 to 1944 he 
chemist for the B. F. 
Co. 


Co. and in 


was a research 
Goodrich Rubber 
Subsequently he was assistant di 
rector, co-polymer research in the Office 
of the Rubber Director. 1945 he 
has been supervisor of polymerization 
research for Phillips Petroleum Co., 
where his work consisted mostly in de 
velopment of the “cold” rubber process. 

Maynard C. Wheeler, vice-president 
in charge of production of Commercial 
Solvents Corp. 
recently 


Since 


for the past six years, 
received the honorary degree 
of Doctor of Engineering from Purdue 
University. Mr. Wheeler joined the 
company in 1923 as a chemical engi- 
neer, subsequently becoming department 
superintendent, plant manager, then 
assistant to the former production vice 
president 

Herman P. Meissner of Watertown, 
associate professor in the department of 
chemical engineering, Massachusetts In- 
stitute of Technology, Cambridge, Mass., 
has been promoted to the rank of full 
professor. Jacob M. Geist of Boston 
has been advanced to the rank of as- 
sistant professor in the department of 
chemical engineering. 

John E. Swearingen, who early this 
year was transferred to the general of- 
fice in Tulsa, Okla., and shortly there- 
after elected a director of Stanolind Oi! 
and Gas Co., has been appointed general 
manager of production of the Standard 
Oil Co. (Ind.) at Chicago. Mr. Swear- 
ingen, who received his M.S. degree 
from Carnegie Institute of Technology, 
joined Standard Oil Co. (Ind.) in 1939 
as a chemical engineer in the research 
department at Whiting, Ind. After sev- 
eral positions in that department and in 
the manufacturing department, in 1949 
he was made assistant to the vice-presi- 
dent in charge of operations, and sub- 
sequently became manager of Stano- 
lind’s central division with headquarters 
at Oklahoma City, Okla. 
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Fryling will | 


Wherever AIR or GAS is used 
Investigate STANDARDAIRE 


AXIAL FLOW BLOWERS 
STANDARD’S engineered- 


for-production program has resulted in 
the acceptance of Standardaire Blowers 
for virtually every important industry. 
Blowers are currently being produced 
for a wide range of applications in a 


rapidly expanding market — and in 
many instances to suit specific require- 
ments and specifications. The amazing 
acceptance of Standardaire Blowers is 
indicative of their superior operating 
characteristics, high efficiency and 
dependable performance in round-the- 
clock service. For further details we 
invite you to consult with our engi- 
neers. They will be glad to study 
your air or gas problems and make 
recommendations. Write Dept. E40 


READ STANDARD CORPORATION, 
370 Lexington Ave., New York 17, N. Y. 


Standardaire 1218B23 


at 1160 r.p.m, 


Engineers like the STANDARDAIRE principle 


RECENT BLOWER USERS: Amalgamated Sugar Company « Brillo Manufacturing 
Co., Inc. * Chicago Pump Co, + Cleaver-Brooks Company « Dow Chemical of Canada, 
Ltd. + E. I. DuPont de Nemours & Co. + Fairbanks, Morse & Company + Hercules 
Powder Co., Inc. + Hills Bros. Coffee, Inc. « Husky Oil Co. » Koppers Company, Inc. 
Monsanto Chemical + National Advisory Committee for Aeronautics » Ozark-Mahoning 
Co, « United States Navy « Standard Brands, Inc. + West Jersey Paper Manufacturing Co. 


BLOWER-STOKER DIVISION 


«MEAD STANDARD 


NEW YORK « CHICAGO « ERIE « YORK « LOS ANGELES 
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Blower to deliver 2850¢ 
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Survey of Plants Shows: — 


15 of 20 Engineers 


x Prefer Nicholson Traps 


To determine the best steam trap on which to 
standardize, a large processing firm recently asked 
their plant engineers for their preference. In 15 
out of 20 plants the choice was Nicholson. 


The repeated adoption of Nicholson steam traps 
in plants currently in big “cost-reduction-through- 
modernization” programs is another indication of 
their advanced features. To learn why an in- 
creasing number of leading plants are standardizing 
on Nicholson thermostatic steam traps send for our 
catalog. 5 types for every power, heat, process 
use; size 4" to 2”; press. to 225 Ibs. 


Catalog 751 or see Sweet's 
% W. H. NICHOLSON & CO. 


A.|.Ch.E. MEMBERSHIP INFORMATION 


S. L. TYLER, Secretary 

American Institute of Chemical Engineers 
120 E. 41st St. 

New York 17, New York 


Dear Sir: Please send me information regarding membership 
requirements. 9-51 


Name: 


Address : 


For HEATING and AGITATING 
CORROSIVE Solutions in one 
Rapid Operation . .. . 


Specify HEIL Steam Jet Agitators 
* LONGER LIFE from rugged construction. 
* EASILY INSTALLED—Low initial cost. 

* STANDARD DESIGNS in Lead and 
Impervious Graphite. 
Write for Descriptive Bulletin No. 43-C 


HEIL Process Equipment Corp. 
12901 Elmwood Ave. : Cleveland 11, Ohio 


Heil E-12 Steam Jet Agitotor Sales Representatives in All Principal Cities 
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David J. Jay, formerly an instructor 
of chemical engineering at the Univer- 
sity of Detroit, has joined the Vulcan 
Copper and Supply Co., Cincinnati, 
Ohio, as assistant development engineer 

Louis E. Garono is on leave as engi- 
neering superintendent of the General 
Foods Corporation's Atlantic Gelatin 
Division, Woburn, Mass., in order to 
act as chief of the newly established 
Chemical Corp.'s engineering agency, 
Plants Division, at the Army chemical 
center in Maryland 

John B. Calkin, director of the de- 
partment of industrial cooperation at 
the University of Maine, Orono, Me., 
was recently elected secretary of the 
University of Maine Pulp and Paper 
Foundation. The purposes of this new 
committee are to provide financial as 
sistance for undergraduates in the five- 
year operational management course, 
and to advance the university's research 
and teaching facilities in the field of 
pulp and paper technology 

John S. Hayes, division engineer of 
the Merrimac division at Everett, Mass.. 
has been appointed assistant director of 
the general engineering department of 
Monsanto Chemical Co., St. Lou's, Mo 
Mr. Hayes, a_ registered profe sional 
engineer in Massachusetts and Missouri, 
joined Monsanto in 1942 in the general 
engineering department and subse- 
quently represented that department in 
engineering capacities at Texas City, 
Tex., and at the Clinton Laboratories, 
Oak Ridge, Tenn 

Alfred R. LaCasse, who was named 
manufacturing analyst for the chemicals 
division earlier this year, has been ap- 
pointed general foreman at the Schenec 
tady, N. Y., Glyptal alkyd resin plant 
of the General Electric Co., Pittsfield, 
Mass. Mr. LaCasse, after receiving his 
B.S. degree in chemical engineering 
from lowa State College, joined the 
company in 1943 as an operating engi- 
neer in the phenol plant, later becoming 
process engineer. 

Frederick C. Tuttle, formerly manu- 
facturing engineer at the alkyd resin 
p'ant, has been named facilities engi- 
neer on silicones at the Waterford plant 
of the General Electric Co., Pittsfield, 
Mass. Mr. Tuttle, who received his M.S. 
degree in chemical engineering from 
Johns Hopkins University, joined the 
company in 1942 as development engi- 
neer on phenolic molding compounds. 
After several positions in the compound 
and resin section, in 1945 he became a 
project engineer for the chemical engi- 
neering division and in 1949 was trans- 
ferred to his most recent position. 

Walter H. Stanton, a senior chemi- 
cal engineer in the general engineering 
department, was recently appointed 
project leader in the chemical engi- 
neering design group of the Monsanto 
Chemical Co.’s Texas division. 
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Robert E. Zinn has accepted an ap 
pointment as professorial lecturer in the 
chemical engineering department at 
Northwestern Technological Institute 
effective Sept. 1. Along with the ap- 
pointment at Northwestern, Professor 
Zinn has arranged with the Vern E. 
Alden Co., engineers of Chicago, LIL, to 
serve them as consulting chemical engi- 
neer. 

Wallene R. Derby was recently 
named assistant director in charge of 
pilot plants for the Monsanto Chemical 
Co., St. Louis, Mo. Mr. Derby, who 
received his A.B. degree from Witten- 
herg College, Springfield, Ohio, joined 
the Thomas and Hochwalt laboratories 
in 1934 as a research chemist, prior to 
the time the laboratories were acquired = oes © oie 
hy Monsanto. molded into the material. 

William A. Bours HII has been 
named manager of the plants develop- 
ment section of the Du Pont Co.’s or- 


ganic chemicals department. He suc 
ceeds Dr. George E. Holbrook who has 
become assistant director of the Du Pont 
development department. Mr. Bours 
started with Du Pont ten vears ago as 
an industrial engineer in the engineer- 
ing department soon after he was gradu 
ited from Columbia University with an Compressor end diepherem 
M.S. in chemical engineering \fter partially lowered. Compressor 
design guides and supports 

eight years in the Du Pont engineering d diaphragm 
department, Mr. Bours became chief 
supervisor of the development section at 
Chambers Works, Deepwater Point, 
N. J. The next year he became manager 
of the tine chemicals sales development 
section of the organic chemicals depart- 
ment and early this year he was named 
senior technical assistant in the Tech- 
nical Laboratory at Deepwater Point 

Michael G. Kelakos is now associ- 
ated with the Department of State as Comprocces presses die 
technical assistance officer in the Office 7 tae phragm tightly 
of South Asian Affairs. He is located 
in Washington, D. C ™ 

Harold Sell, chemical products devel 
opment, the Goodyear Tire & Rubber 
i Akron, Ohio, delivered a paper, @ When it comes to valving hard-to-handle fluids, the 
“The Expanding Field of Styrene-Buta- simple pinch clamp principle of Hills-McCanna valves 
diene Resin Field,” before the Elasto- (see above) eliminates most ordinary valve troubles. 
mer and Plastics Development Group, There is no leakage, no packing and material handled 
New England Section, American Chem- cannot contaminate or be contaminated by the work- 
ical Society, recently. The meeting was ing parts. Hills-McCanna Saunders patent diaphragm 
reld at Massachusetts Institute of Tech- valves are the answer to many of the most serious valve 
problems. Write for full details and ask for a copy of 
Catalog V-48. HILLS-McCANNA CO. 2438 W. Nelson 
rubber re-enforcing agents and in hard | 
resistant stocks. | Street, Chicago 18, Illinois. 

Parker Dunn, formerly resident man- 
ager for the Potash Co. of America, 
Carlsbad, N. M., was recently made an | le AL LLS M‘CAN NA 
issistant vice-president for the Ameri- = 
can Potash & Chemical Corp., Holly- . 
wood, Calif. Mr. Dunn, who received ualued 
his M.S. degree from M.1.T., was previ- 
ously associated with the Pittsburgh | saunders patent 
Plate Glass Co., Mead Corp., and South- | 
ern Alkali Co. Proportioning Pumps 

(More About People on page 63) Force-Feed Lubnicators + Alloy Castings 
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HARDINGE 


... BALL, PEBBLE AND ROD MILLS 
(Conical, Tricone, Cylindrical.) Write for 
Bulletin 17-B-40 (dry grind), AH-389-40 (wet 

grind), AH-414-40 (Tricone). 


. . « ROTARY DRYERS, KILNS, COOLERS 
Write for Bulletin 16-D-40. 


. . AIR CLASSIFYING SYSTEMS 
Write for Bulletin 17-B-40. 


. . » THICKENERS OR CLARIFIERS 
Write for Bulletin 31-D-40. 
. . . WET CLASSIFIERS, HEAVY MEDIA 
SEPARATORS 
Write for Bulletin 39-B-40. 


. . « CONSTANT-WEIGHT FEEDERS 
Write for Bulletin 33-D-40. 


HARDINGE 


COMPANY 


YORK, PENNSYLVANIA — 240 Arch St. Main Office and Works 


MEW YORK 17 © SAN FRANCISCO Il © CHICAGO 6 © HIBBING MINN © TORONTO) 


E And St 205 W Washer 2016 Fit Ave 200 Boy St 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at I5c a word, with a minimum of four lines accepted. Box number 


counts as two words. 


Advertisements average about 


six words a line. Members of the 


American Institute of Chemical Engineers in good standing are allowed one six-line insertion 


(about 36 words) 


free of charge per year 
made at half rates. 


More than one insertion to members will be 
In using the Classified Section of Chemical Engineering Progress it is 


agreed by prospective employers and employees that all communications will be acknowl- 


edged, and the service is made available on that condition 
at $15 per inch. Size of type may be specified by advertiser 


Boxed advertisements are available 
In answering advertisements al! 


box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 


120 East 41st Street, New York 17, N. Y. 


Telephone ORegon 9-1560. Advertisements for this 


section should be in the editorial offices the 20th of the month preceding the issue in which 


it is to appear. 


SITUATIONS OPEN 


PROCESS ENGINEER 


Recent graduate or chemical engineer 
with ane or two years’ oil refinery ex- 
perience desired. Letter should include 
details of education, experience, family 
and military status and salary ex- 
pected. Personal interview can be ar- 
ranged. Box |-%. 


EMPLOYMENT OPPORTUNITY 


CHEMICAL ENGINEER: M.S. or B.S 
level, 3-5 years’ experience desirable 
for work on high pressure boiler re- 
search in water chemistry and water- 
treating problems. Opportunity for ad- 
vancement in well-equipped research 
department of reliable company. Lo- 
cation Northern Ohio. Box 2-9 


EMPLOYMENT OPPORTUNITY 


CHEMICAL ENGINEER: B.S. or M.S 
for work in research department of 
major equipment manufacturer. Three 
to five years’ experience desirable in 
research on wood-pulping processes 
and develop of equip Oppor- 
tunity for advancement. Location 
Northern Ohio. 9 


SALES-ENGINEER 


New York District Office 
C. F. Braun & Company 


We need a graduate chemical engineer 
with at least five years’ experience in 
Oil Refining. To this man we offer a 
responsible, interesting, and rewarding 
position as a member of our New York 
Office Staff. The work entails some 
travel. The compensation is straight 
salary and expenses. And the future is 
limited only by the man’s own ability 
to produce. 


The man we need has technical ability. 
plus a good personalit On the tech- 
nical side, our man ve a thorough 
knowledge of heat-transfer, fractiona- 
tion, and of refinery process-design. 
This kr >wledge must be sed on 
actual experience. On the personal 
side, he is between 28 and 35 years old. 
He is aggressive. He's friendly, and 
likes to meet new people. And he is sin- 
cerely interested in a permanent career 
in sales engineering with one of the top 
companies in its fiel 


If you believe you're fully qualified, 
lease write to us at 630 Fifth Avenue, 
New York 20, New York. We'll ac- 
knowledge your letter, and interview all 
walified men. We'll respect your con- 
dence. Please do not phone, or call 
in person. No such applications will 
be considered. 
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ENGINEER — PRODUCTION 
— At least two years of plant ex- 
perience. A new organization manufactur- 
ing rubber, resinous adhesives, cements, 
emulsions and latices offers excellent oppor- 
tunity for managing production. Indicate 
minimum salary. Box 4-9 


CHEMICAL 
CHEMIS 


SITUATIONS WANTED 


A.1.Ch.E. Members 
INSTRUMENT ENGINEER—33, B.Ch.E. Ten 


years’ experience specifying controls for 
chemical and petroleum processes. Broad 
knowledge of processes and control theory. 
Desire responsible position, with oppor- 
tunities, requiring this technical back- 
ground. Willing to travel. Box 5-9 


CHEMICAL ENGINEER--B.S.. 2% married 
ree years experience involving the de- 
velopment of special filter papers. Would 
like technical service work in paper in- 
dustry or related fields. Box 6-9 


LICENSED CHEMICAL ENGINEER—M.S., 35, 
family. Twelve years extensive work in or- 
anic chemicals, including research, process 
evelopment, equipment design, and pro- 
duction supervision Seek expanded re- 
sponsibility. Box 7 


CHEMICAL ENGINEER—BChE. Professiona! 
Engineer, Ohio. Nine years’ diversified ex- 
perience, including five of research and 
process development, organic and inorganic 
chemicals Prefer process development 
with progressive company West and 
Southwest only. Box 8-9 


CHEMICAL ENGINEER Studied law and 
accounting. Twenty-five years experience, 
ten plants manager or asst. vice-president 
Planning and coordinating manufacturing 
sales, research. and development. Managed 
multiplant production. Management trouble 
stator Marketing and packaging. Box 
9. 


CHEMICAL ENGINEER—B.S.. age 31, family 
Nine years’ experience production engineer- 
ing and supervisory capacity in anhydrous 
ammonia. Desire responsible position in 
engineering or production management in 
high pressure synthesis. Box 10-9 


CHEMICAL ENGINEER—M ChE. Four years’ 
diversified research and development expe 
rience. Pleasing personality, integrity, and 
executive ability. Desire position in sales 
or plant engineering. Now employed. Will 
ing to relocate. Box 11-9 


CHEMICAL ENGINEER—B.S. Three years’ re- 
search, development, and production expe- 
rience. Background in acrylics, phenolics, 
polyesters, and fluorine plastics. Prefer 
small company in metropolitan New York- 
New Jersey area. Box 12-9 

EXPERIENCED ENGINEER - EXECUTIVE — 
A.B., B.S., Ch.E., Columbia, 45, married, 
Protestant. Impeccable 23-year career in- 
cluding vice president for production and 
research, manufacturers’ representative. 
consultant. Seek interesting. challenging 
job with 20-year future. Box 14-9 


Nonmembers 


CHEMICAL ENGINEER—B.S.Ch.E.. Worcester 
Polytechnic Institute, 1951. Age 27, single. 
Desire position in production, pilot plant 
development and or design Wining to 
travel. Box 13-9 
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MERCOID 


THEY ARE USED FOR THE CONTROL OF TEMPERATURE 
PRESSURE. LIQUID LEVEL AND MECHANICAL OPERATIONS 
THE MERCURY SWITCH IS A FEATURE IN MERCOID CONTROLS 
THE REASON FOR THE MERCURY SWITCH IS THE ADDED SAFETY: 


SETTER PERFORMANCE AND LONGER CONTROL LIFE- ALL OF 
WHICH ARE IM! 


PORTANT WHEREVER CONTROLS ARE REQUIRED 
WHY CONSIDER LESS WHEN YOU CAN GET SO MUCH MORE 
WRITE FOR COMPLETE CATALOG 
THE MERCOID CORPORATION 
4201 BELMONT AVE. CHICAGO 41, ILL 


HIGH VACUUM PUMPS 
REQUIRE CLEAN OIL 


VACUUM PUMP USERS 


insTALL HILCO 


OIL RECLAIMER SYSTEMS 
TO KEEP LUBRICATING 
AND SEALING OILS FREE 
OF SOLIDS, 

.. GUMS 


WATER 
ano GASES 


tue HILCO 
OL RECLAIMER 
ts COMPLETELY 
AUTOMATIC 
FOR BETTER VACUUM AND REDUCED 
VACUUM PUMP MAINTENANCE 
COSTS INVESTIGATE THE 


HILCO OIL RECLAIMER 


+ WRITE FOR FREE LITERATURE 
A RECOMMENDATION WILL 
BE MADE . . NO OBLIGATION 
ON YOUR PART. 


THE HILLIARD CORP. - 
144. W. 4th ST, ELMIRA, 


IN CANADA — UPTON BRADEEN JAMES LTO 
990 BAY ST _TORONTO-3464 PARK AVE MONTREAL 
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PEOPLE 
Continued from page 61) 


Benjamin A. Smith, vice-president 
and secretary of the C. O. Bartlett & 
Snow Co., Cleveland, Ohio, was elected 
president of the Cleveland Engineering 
Society at a meeting of the board of 
governors recently. Mr. Smith, a gradu 
ate of Cornell University, has worked 
successively with Warner & Swasey 
Co., The Anderson Roll Gear Co., Up 
son Nut Co., Electric Railway Improve 
ment Co., and Hill Clutch Machine & 
Foundry Co. 


John H. Seifarth, formerly chemical 
engineer in the chemical engineering de 
partment of the General Aniline Works, 
Grasselli, N. J., recently accepted a posi- 
tion as project engineer in the chemical 
engineering department of J. T. Baker 
Chemical Co., Phillipsburg, N. J. Mr. 
Seifarth received his M.S. degree in 
chemical engineering from Newark Co! 
lege of Engineering in June. 

W. Kenneth Davis has taken a leave 
of absence from the University of Cali- 
fornia, Los Angeles, Calif., where he is 
associate professor of engineering, in 
order to accept a position as chief devel- 
opment engineer with the California Re 
search & Development Co.. a subsidiary 
of the Standard Oil Co. of California. 

William Kaplan, recently 
chief in charge of technical service in 
the Texas City laboratory, has been ap- 
pointed director of the automotive re 
search laboratory, in Baltimore, Md., 
of the Pan American Refining Corp., 
New York, N. Y. Mr. Kaplan, who re 
ceived his degree in chemical engineer- 
ing in 1927 from M.L.T., immediately 
started work in the oil industry 


Adolph D. Scheiman, formerly a 
chemical engineer for the Stacey Manu- 
facturing Co., Cincinnati, Ohio, is now 
a senior draftsman in the equipment sec 
tion of the Stone and Webster 
neering Corp., Boston, Mass. 


section 


Engi 


James M. Rosenberg, for the past 
four years a project engineer for the 
Transparent Package Co., Chicago, IIl., 
recently accepted a position as project 
engineer for the Marbon Corp., Gary, 
Ind. 


Paul Blunt, recently a chemical engi 
neer for the Fraser Brace Engineering 
Co., New York, N. Y., has accepted a 
position with the U. S. Rubber Co., 
loliet, [linois. 


Thomas F. Edson, formerly execu 
tive assistant for Victor Chemical 
Works, Chicago, IIL, has been appointed 
assistant vice-president of the American 
Potash & Chemical Corp., Hollywood, 
Calif. Mr. Edson was previously affili 
ated with A. R. Maas Chemical Co., 
Firestone Tire & Rubber Co., and Union 


| Oil Co. 
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WITHOUT PIPELINE 
MOVEMENT use this 


New HAMER 
LINE 
BLIND VALVE 


There is a Hamer handwheel operated Line 
Blind Valve for every application—EVEN FOR 
BLINDING RIGID LINES where no endwise 
movement is possible. 

The new “RIGID” Line Blind Valve solves the 
problem of blinding inflexible lines in refineries, 
process plonts, tonkers and other ships . . . 
wherever rigid piping installations must be 
opened and closed. It's speedy ond cost-cutting 
— one man con reverse the picte in one minute 
It's safe — enclosed plote slot prevents spilling 
line fivid. It's positive — there's nothing like o 
solid plote for o permanent, leakproof shut- 
off. 

“RIGID” Line Blind Valves conform to A.S.A 
Standards for face-to-face dimensions of steel 
wedge gote valves. In planning new loyouts, 
or modernizing existing installations, use a 
valve for blocking but specify Hamer “RIGID’ 
Line Blind Volves at every point where a quick 
one-man operated, POSITIVE SHUT-OFF will 
be required. 

SEND FOR CATALOG 


Find ovt about Homer Line Blind Valves for 
other blinding applications. All models feature 
cost<utting “one-mon, one-minute” operation, 
positive shut-off, and long service life. Write 
for full information. 


HAMER 


OlL TOOL COMPANY 
2919 Gardenia Avenue 
Long Beach 6, California 
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PACIFIC 


CORROSION RESISTANT x 


VALVES 


150 LB. SERIES 
_. GATE VALVE 
O. S. & ¥.-Bolted Bonnet 

Fig'd. Ends: to 8” 
Ser'd. Ends: to 3” 
Manufactured to M.S.S. 
St'ds. . Also Available 
with A.S.A. Flanges. 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge 
Scr'd. Ends: '4” to 2” 
Manufactured to 
M.S.S. St'ds. 


600 LB. SERIES 
GATE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: '” to 2” 
Scr'd. Ends: to 2” 
Manufactured to 
AS.A, and A.P.1. St'ds. 


150 LB. SERIES 
SWING CHECK 
Bolted Bonnet 
Fig'd. Ends: to 4” 
‘Ser'd. Ends: to 
Manufactured to 


M.S.S. St'ds. 


@These Valves ste reguiarly furnished of 
Type 316 or Alloy 20 Stainiess Steels. Other 
available Corrosion Resistant Allovs, including 
Monel and hastelioy can be suppired. 


PACIFIC VALVES, INC. 


3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 

TELEPHONES: 1B. - 40-5451; Los Angeles - Nivade 6-2325 

TELETYPES: 1.8. - 8-8076; New York City - 1-1077 
Houston, Texas - HO 489 
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charge of manufacture, 


150 LB, SERIES 

GLOBE VALVE 

. S. & Y.-Bolted Bonnet 

Fig'd. Ends: '/,” to 4” 

Scr'd. Ends: '/,” to 
Manufactured to 

M.S.S. St'ds. 


manufacturing 
edible oil 


edible oil, 


Necrology 


HENRY HOWARD 


Henry President of A.1. 
Ch.E. and long prominent in 
the chemical industry, died Aug. 26 in 
Mass., at the age of &3. 
\fter attending the Massachusetts Insti- 
tute of Technology, Mr. Howard joined 
the Merrimac Chemical Co., now a unit 
of Monsanto Chemical Co., and became 
superintendent and vice-president of the 
From 1920-26, he 
tor of research and development at the 
Grasselli Chemical Co., Cleveland, Ohio, 
now part of the Du Pont Co. 
four 
he spent the 


Howard, 
( 1922- 3), 


Cambridge, 


concern, was direc- 


Following 
a consultant for the firm, 
ensuing 


years as 
years in an ad- 
visory capacity for number of 
firms. Mr. 


eighty-nine patents, has contributed ex 


a large 
Howard, who has been issued 
tensively to the invention and improve- 
ment of instruments and equipment used 
Four months 
hefore his death, he was presented the 
1951 Perkin Medal by the 
section of the 
Industry. The 


in chemical manufacture. 


American 
Chemical 
“im recogni- 


Society of 
award was 
tion of his important and distinguished 


service to American chemical industry.” 


PAUL C. KAISER 


Paul C. Kaiser, 
Du Pont Co. 
4, 1951. Mr. 


affliated with the 
for many years, died June 
Kaiser received his B.S 
degree from State Col- 
lege in 1911, at which time he 
the employ of the Du 


Pennsylvania 
entered 


Pont Co. as a 


chemist in its research and development 


laboratories. Upon completion of the 


company’s course in high explosives, he 


worked as shift supervisor, assistant in 
and from 1916 
assistant of the 
T.N.T. and T.N.S. plant at Barksdale, 
Wis. His later years until his retire- 
ment were spent at the company’s plant 
in Gibbstown, N. J 


to 1919 as general 


ALAN PORTER LEE 


Alan Porter Lee, 
Porter Lee, Inc., 
and chemists 


president of Alan 
consulting engineers 
to industrial firms, died 
Aug. 9. Mr. Lee received his B.S. degree 
from Washington 
Virginia, and later 


and Lee University, 
attended postgradu- 


ate lectures at Cooper Union, New York. 


For the last 25 years, as a consulting and 
engineer for and 
manufacturing concerns, he 
had developed processes for the distilla- 


soap 


tion, hydrogenation and deodorizing of 
and had designed chemical | 
plants throughout the world. 
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Time, Jabot, Dollavs/ 
TEST STUDY CONTROL 


VISCOSITY 


As Simply, Quickly and Easily 
as Taking Temperature Readings 


Just a flick of a switch, then read the 
Brookfield dial, and you have your vis- 
cosity determination in —- The 
whole operation, including cleaning up, 
takes only a minute or two. 

Available in a variety of models suit- 
able for extremely accurate work with 
both Newtonian and non-Newtonian 
materials, Brookfield Viscometers are 
portable and plug in any A. C. outlet — 
can be used in Lab, Plant or both. 

Write today for fully illustrated cata- 
log showing Brookfield Viscometers 
adaptable to any viscosity problem from 
less than one to 32,000,000 centipoises. 


BrookrieLp Counter-Rorar- 
ING Mixer — Two concentric, 

tely rotating shafts, pro- 

equipped and driven by 
two motors, produce an annular 
flow and up to 48,000 sciasor- 
like cuts/minute. Enable excep- 
tionally fast, effective and 

mixing. Not 

a’ Write for Brookfield 
MIXER brochure. 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Werkmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 


Use our pow Bulletin as 
handy reference contains 


analysis ‘1950 ASME. Code 
Unfired Pressure Vessels. 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


STEEL « ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 
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U.S.L SOUND POWERED 


assures dependable 
communication 


Annin Company . 
Ansul Chemical Co B M Y 
Badger & Sons Co., E. B. ' B S AWA 
Boker Perkins, Inc. . 
Barnstead Still & Sterilizer Co. (in enemy language) 
Bartlett & Snow Co., The C. 0 
Beckman Instruments, Inc... . Could) mean no communication in 
Brookfield Engineering Labs., Inc. your plant Any communication 
Brown Fintube Co. ee io oem system depending upon outside power 
Corbide & Carbon Chemicals Co., A Division supply is unusually vulnerable 

of Union Carbide and Carbon Corp. Investigate the permanent, or emer- 

Inside Front Cover gency, systems offered through U.S. I 

Carpenter Steel Co 35 
Crane Company ..... 
Croll-Reynolds Co., Inc. . -- 65 WRITE FOR CATALOG DEPT. P 
Dow Chemical Co. , . 3 
Dow Corning Corp. & 


von STATES INSTRUMENT CORPORATION 


Fischer & Porter Compony Bock Cover SUMMIT+**NEW JERSEY 
Floridin Company . 51 
Food Technology, Inc. 52 HAND SETS 


Foster Wheeler Corp. 41,42 INDUSTRIAL ait 
“WAL 

Foxboro Company une 

General American Transportation Corp. 

Girdler Corp. SYSTEMS 

Glycerine Producers’ Association . . 

Great Lakes Carbon Corp. HEAD SETS 


sound powered telephones 


Gump Company, B. F. 
Hamer Oil Tool Co. 
Hardinge Co., Inc. ‘ 

Haveg Corp. 
Haynes Stellite Co., A Division of Union Car- 
bide and Carbon Corp. * 
Heil Process Equipment Co. . ae } q VA Cc U U Ae 
Hilliard Corp., The ...... , 

HillsMcCanna Co. 


International Co. TH AT'S 99.99 % PERFECT 


Kinney Mfg. Co. . 
Knight, Maurice A........ d h f 
good enough for your process? 
Lawrence Machine & Pump Corp. ........ 
Louisville Drying Machinery Unit, General 
Americon Transportation Corp. 
Mercoid Corp. 
Milton Roy Company . ‘ 


joneywell 9g 


Co... . Tuts de is easily 
Gaul 99 «obtained with the Croll-Reynolds four or 
five-stage steam jet EVACTOR, with no 
National Carbon Co., A Division of Union = moving parts. Each stage from a technical 


Carbide and Carbon Corp. ... . standpoint is as simple as the valve that 
Niagara Blower Co. . turns it on. Numerous four-stage units are 
Nicholson & Co., W. H. . maintaining industrial vacuum down to 0.2 
mm, and less, and many thousands of one, 
Patterson Foundry & Machine Co.. re two and three-stage units are maintaining 
Company, The ....... vacuum for intermediate industrial require- 
OED ments on practically all types of processing 
Read Standard Cor | 

P By permitting water, aqueous solutions or any volatile liquid to evaporate 

Sharples Corp., The ..... under high vacuum and without heat from an outside source, enough BTU's can 
Sparkler Mfg. Co. ............ be removed to chill the liquid down to 32° F., or even lower in the case of solu- 
Standard Electric Mfg. Co., Inc... tions. This is the principle of the Croll-Reynolds “Chill-Vactor.” Hundreds of 
Stephens-Adamson Mfg. Co. ..... these have been installed throughout the United States and in several foreign coun- 
Struthers Wells Corp. tries. 
q | Syndicate, Utd. . ri ae An engineering staff of many years experience has specialized on this type of 
teenies Cie | equipment and is at your service. Why not write today, outlining your vacuum 


problem? 


Union Corbide and Carbon Corp., Carbide | 
and Carbon Chemicals Co., Inside Front Cover | 
Ga. 29 1] JOHN STREET NEW YORK 38, W. Y. 

Chill-Voctors Steam Jet Evactors Cond 
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T0- SELECTOR 


sem 


automatically transferring con 


another as 
required to prevent either one from saadedion its set limit. As 
in the case diagramed at right, when supply is greater than 
demand, control is maintained on the demand side (discharge ) 

. but when demand exceeds supply control is maintained 
on the supply side (suction ). 


The M-40 Auto-Selector has two measuring elements and con- 
trol mechanisms — also a combined air relay. It actually does 
the work of two instruments . . . with one or the other variable 
under control ct all times. The transfer of control from one 
variable to the other is smooth, instantaneous, and with no 
upset. Any type of control action may be used. Any combination 
of related variables may be controlled - pressure and flow; 
temperature and level; two flows; two pressures; etc. 


OX BOR 


REG. U. S. PAT. OFF. 


DIAGRAM with accompanying chart above 
illustrates one of many applications. Pump 
drive is controlled to keep suction pressure 
from dropping below a set minimum, and 
discharge pressure from exceeding a set 
maximum. The instrument automatically con- 
trols from either variable as changing condi- 
tions require. On the chart, the outer record 
is for discharge pressure, the inner, for 
suction pressure. 


Write for details. The Foxboro Company, 
Neponset Ave., Foxboro, Mass., U. S. A. 


RECORDING - CONTROLLING - INDICATING 


INSTRUMENTS | 
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is 


Comment by a research chemical 


engineer following his visit 
to the Milton Roy plant. 


...and what this man saw was 
no rigged-up “special” unit—buta 
standard Milton Roy Controlled 
Volume “miniPump”, operating 
under normal! conditions. Here are 
a few of the factual details: 


This pump is the miniature member 
of the family of Milton Roy Con- 
trolled Volume Pumps—it measures 
less than a foot square, and weighs 
no more than 40 pounds—motor 
and all! It is available in motor- 
driven or air-powered types—in 
Simplex, Duplex, and Multiplex 


models. Built with watchmaker’s 
precision, it handles any clear 
liquid in delivery rates ranging 
from 3 to 3200 milliliters per hour 
—against pressures up to 1000 psi! 
Its maximum speed is 100 strokes 
per minute—and calibrated stroke 
length adjustment is easily made 
while operating from zero to full 
capacity—with pump efficiency 
high over the entire range. The 
step-valve liquid-end, fully cov- 
ered by Milton Roy patents, is 
stainless steel. 


Let's consider a few uses for this 


dramatic little pump: in laboratory 
and research work; in pilot plants; 
in instrumentation and contin- 
uous processing; in industrial pro- 
duction of soaps and perfumes, 
food, petroleum, pulp and paper 
—wherever precise quantities of 
clear liquids in small amounts 
are required! 


Write, now, for complete informa- 
tion to Milton Roy Company, or 
check your local classified tele- 
phone directory for your nearest 
Milton Roy representative. 


COMPANY 


1379 EAST MERMAID LANE, PHILADELPHIA 18, PA. 


MANUFACTURERS OF CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL FEED SYSTEMS 
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CORROSIVE SERVICE 

LEVEL CONTROL with 

travel up to 25 feet — 


Level can be measured to one-eighth 


inch in 25 feet by the F & P Magnetic— 
“Doughnut"’—Levelimeter instrument. 

Extreme corrosion is no problem be- 
cause the sensing, transmitting and indi- 
cating mechanisms are totally enclosed 
in corrosion-resistant materials. 


SIMPLE, DIRECT, PACKLESS MECHANISM 
A closed-end tube extends from the 
indicating instrument to the bottom of 
the tank. On the outside of this tube a 
“doughnut” float, containing permanent 
magnets, moves freely up and down 
with liquid level. Inside the tube another 
permanent magnet, attached to the in- 
dicating scale by a cable, is positioned 


at liquid level by the float magnets. shee rt beth) 
The cable is kept taut by a simple 
counter-weight mechanism inside the 
instrument case. Lever-Acting 

The close-coupled indicating instru- Pneumatic: 
ment shows level in feet, inches and ‘aa eis 
fractions of an inch. The “Doughnut” Differential-Pressure 
Levelimeter instrument can also be Manometer 
arranged for remote exhibition, auto- Seay 
matic control, or both. 

For complete data on F & P Leveli- a, 7 
meter instruments, mail the coupon below. Magnetic : 


SECONDARY 
MAGNET 


F& P MAGNETIC 
LEVELIMETER 


OTHER F & P 
LEVELIMETER 
INSTRUMENTS 
for measurement and 
control of liquid and 
interface level, and 
very large flow rates: 


Automatic Control 

Single- or multi-level, 
close-coupled or re- 
mote exhibition (indi- 
cating, recording or 


TRANSMISSIONS 


Electric (inductance 
bridge and Selsyn) 
Electronic, 


Pneumatic. 


FISCHER & PORTER COMPANY 
Dept. 1U-7H, Hatboro, Pa. | 


Please send me oa free copy of Catalog 75 which fully ; 

describes F & P Levelimeter Instruments. 

FISCHER & PORTER COMPAN) | 
HATBORO, PENNSYLVANIA, U.S.A 


SALES ENGINEERING OFFICES THROUGHOUT THE WORL 


Nome. 


Position 


Compony 


Address. 
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